5 10 151 nproved Low Ti tani um Di oxi de Coatings This invention relates to
reduced energy content pignmented coating conpositions, especially pignented
pai nts ofwbawttiz49eedi um sheen, al so known as matt or sofPCTare@n/o2Q9pai nts.
In particular it relates to paints of pignent volune content from78 to 85%
and havi ng sheen of |ess than 30% when neasured at 85. Light col oured

pi gnented paints usually contain high levels of titanium dioxide, TiO02.
This is because such pastel shades are predomnantly white with a snall
amount of 25non-white col our added. Titaniumdioxide is the best source of
whi teness due to its high refractive index relative to typical binders used
in paints. Unfortunately, TiQ2 requires |arge anmounts of energy to extract
it fromthe ground and then purify. In fact, in known high pignent vol une
conteng (PVC) paints of pastel/light colour, for exanple matt whites and
matt |ight shades as hereinbel ow described, the high Ti @2 30content
(typically 10 to 20vol % used to achieve the desired col our and opacity is
the main contributor to the total energy content of the paint. By ener gy
content, we nean the energy required to extract, refine and nmanufacture the
i ngredi ents conprising the paint; and the energy required to manufacture
the paint 35itself. Since nost energy is generated by burning fossil fuel,
hi gh energy content usually results in high carbon di oxi de em ssions -
hence;§he use of the alternative neasure 'enbedded CO2' to indicate the
energy content. 5 The adverse effect of such em ssions on the gl obal
environnent, especially climte change, is generally accepted by nost
serious comentators. Thus there is a need to reduce the energy consuned in
produci ng such paints. 100ne approach to this is to reduce the Ti Q2 content
of the paint. However, this sinply reduces the opacity of the dried coating
and, whil st each coat of dried paint may well have reduced energy content,
addi tional coats will be required in order to achieve opacity.

Consequent |y, any benefl i s | pst | past i nlflcantly di m ni shed.
Clherﬂgpproaches replaceIggﬁﬁagﬁogqﬁmBPn}ﬁ§“¥#ﬂé%ﬁ?ﬁ ext ender pignents such
as chal k. 15Whil st such extenders require |l ess energy than TiQ2 to extract
and refine, the | ower refractive index of such extenders is very close to

t he bi ndeifblsuls\@@tlplmrqi@tﬁsﬂo redxsced@eﬁgypmynmgm@tteé@mtmercompgmw%s wel | as
Ti Q2 and | c

ext ender ﬁ§£§h§ é%ﬂ%%ﬁig%%gpﬁt 6ﬁgéﬁ§%,ﬁg%ﬁ§9%%%%%%¥l' and

opaci 2. pmmevmrparﬁidule& it @las8%0 tpb@tﬁf@lgméﬂtnemmmmnu abhy78 © %heam(t ent
that 20air i.s trapped in the drjed paint f|In1 Whi | st this increases the
opaci ty, P#ving sheepefiless hap 91 vien megsytdet 8het scrub resistance. One

possi ble way out of this dilemma is to use calcined clay as this has good
opacity and is less detrinental to the scrub resistance. However,

manuf act uL.ghotoloaded ipipmaentd dapyai s uswqyicoemirdﬁgly ldvelsk»étimatrediobcd)iewmc t her eby

consuni ng anounts of e ar s does result

si gni fi et Séﬁﬁ?cgweéael? H@%eléﬁ%f[eg i ma gty whlﬁ SRS i { ed

St at ess Pah gty hiS cbiodr’ a?dd%§5rl€ﬂn§ﬁh %%deneu{&tbe%meelotfwen&@\ah@% #VC bet ween
30 75 and 85% and further teaches that to avoid cracking in high PVC paint
filnms, thbighoeimdtiatimiexstlatvatobgitsldendsts mdllmpfauhsWnﬁ@gunmlwgfﬁtﬁ)zc pi gnent s

(another name for extender entiall aC| fllm

oot me < BRiEe Bl et Rhp R T By kot B BFo R Tt 18 Mt o s
the Ti Q2 mhl%oggmevémﬁmbﬁ&hm@gﬁm@ SsastchBeitrcoue ot hi gh energy
content and hi gh em ssions are not addressed. European Patent

appl i cat i e¥NERC ORIIYESS dod greitbiedt shaderprdsirintsiowdessabrhghe bighdda: Ti o2
conte a % r I |ng
o oo ey P RILE 0 7 800 Lic BRENER 2 S EATHM LEFOREIB LTS, o
havi ng 5 matr entilslSer tbulic toeal phagpe bérienttod thHegplirgce Ti O2 whi | st nai nt ai ni ng
bur ni sh/ scrub resi stance. However, as pointed out in that application,

pi gnent ed vesicul ated pol ymer beads thenselves contain Ti Q2 and thus add
consi der a {4l to reduce
t he totalﬁgﬁg%g§% %%ﬁ%I%%BRﬁQ&Kx%y%ﬁugggﬁéﬁké 5%%%%@?2%% apofyrrer beads
are poIynﬂmipgﬁdmn@eem@nmhgﬂnnngnbmﬂhmanﬂagyﬁﬁmﬁemﬁnmamﬁmdmﬁtmhpantthere i's
a neeg_for roved paint conpositions having reduced Ti Q2 content and thus
| ow e rg9‘%€ﬁtent whi | st al so having good opacity and good wet scrub

resi stance. 15 Accordingly, there is provided an agueous pignented coating
conposition having a PVC of from 78 t2885@6c0nprising, based on the tota
vol une solids of the dry coating unle ot herwi se stated, a) opacifying

pi gment particles conprising 20 i) from3 to 10%titaniumdioxide ii) from
0 to 2096of hoIIOM/ponnerlc partlcles b) non- opaC|fy|ng extender partlcles
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e) fugitive coal escing solvent wherein the conposition is free of
non-fugitive coal escing solvent Preferably the pignment volune content is
from79 two&b11/13w0e preferably from80 to 85, even noreprpraiPesialobeaof rom 80
to 84 and nost preferably from8l1 to 83% Any difference between the actua
PVC and the sumof a) and b) is nmade up with other non-opacifying extender
pi gnents as defined herei nbel ow. Preferably, the opacifying pignent

parti ol essatenhl ftrgMabenRhel 81 Bihiing foh6) ARAGIIVIRARIARPEs ARy L c! es

consist of TiO2 and ow pol yher particles. Even nore preferably, the

opaci f yi ntgspitgmengh graiban dibride comssiont —dfendd (@R ugoiotht ylterMatGR measdwced by t he
wel | known chl.orj process i,s preferred in this invention as it requires
| ess enerd?nEggﬁgﬁ§F§8fﬂ£gﬁ%hﬁ‘%ﬁﬁgTPﬂFPBduces | ess enbedded CO2 to the
coati ng. The titaniumdioxide is preferably in the rutile formas
anatase is a |less efficient 25scatterer and thus nore is required to

achi eve t hidicadrerseleliecs ef gichgpussians onpheglepatsinyirenyactti @pedelipelimés 3 to 9,
nore pref y. § . t. t nore
pret ot anl S peen ORRE deied By ERASHEpELGAEARK, rhBThey G fecd B

pr ef er abl yedhcome @nérgy Cumdutcdfin prrluciagpodi pdims. 30 Hol | ow pol yreri c,
preferably spherical, particles may al so be used to provide white opacity.
Sui tabl e such particles contain a void of from30 to 50% by vol of the
parti¢de. o b GhieSs A" 4 AR di I RS; r the
tradeﬁgneoggpgggggﬁ? ﬂgﬁg@g&?ﬁ¥h64?§%%8§%?|on %ﬁ% eyggﬁga%oﬁ$%#ﬁgﬁless t han
10% by votadoees thé osacal o dleydredicoatingy dndvwhpdteneh vdait bEdyddyrremtsayoeclhuse t hey
contributﬁ significantly to th .eneig%lco {ent of the Raint..AdditionaIIy,
they tend"t® rgﬁiwﬂ&eergmgﬁ%da@%l%@g 5% Well o TeaU T hinr I9 P APHEYS owi ng
drying. 'VQISaFcitg._r EHREGRINVy, 4R ROMMORst bRt 1681, kipaai@htly HERinRALd. @m0l ymeri c
particles. 5 Simlarly, "calcined clay, a white pignent nay be used as a
partial repirezdaereplacosorie opall piothe vel; with axtenddngigmendusich enclflk.cal ci ned

clay s itself ener i ntensive, care nust..be taken to Limit the anount of
cai o o ! B oS Y aFReR e o R S e o e k8 ot e
ener gy samfRgivd MdOeoNRER ckfendds RHRELEID &otthabint &€ uS@pihipatht IAcQrFROSi tion is
free of calcined clay. Nevertheless, preferably, up to 30vol % of cal ci ned

clay may Beydeaat satierdight as welips Jidrandis ofdsr xoGampenatte fordhe rqdbedder abl y from
0 o B AT GSCh AL PALYIREC RERED A2 EhiRQRLET € abl Y

avoi ded. cour se, col'our ed opaci tyrng prgnents of different hue may

al so be adsledt dnd dpheityl Poovgpos ithis tiisks dfe RVE fprties siieniuale tf the Bxtehtthaddi ti on
to the other opacifyin% pignent particles, to produce,pastellléﬁht col ours
as di 2tusdied Fprgd Bhthe drigdpaint filhe Whilg diigdicresyesthn opsaei fyisagseltivender
particl es ds§it J bt Lcles that have a refractive index the
same as OF%E%%?ﬁgéﬁ%g&% atBS?B?%%bpolyner bi nder. Since the 20opacifying
strength of a particulate material is a consequence of the difference in

refractive i ndex of the erjal and the di in ich it js dispersed
and its pRPEPRIPIS Y LSl SaEmNTHdS © Ul st dit Rond pagyy
non- opaci fihEfJess YERINRIGE tSthelsOrud fesiFatdat H@Q@V&%ﬁﬁﬁ@ct@f&ﬁcﬂgﬁmd cla@reor y and

practice edited by R Lanbourne and published by John Wley and Sons. That
i s no?5 t oresiayes Hay totedheattd tadD0@ 6rthercbycenstmimSlergeeintopntstofghérglput r at her

t hat any ntributjon is snall.in.comparison.to Ti0 Extenders are usually
ot pure g BHidotn oS iTas et TRRIAE B el bl e T SRl g S0
Sui tabl e gyl es of non-opaci fying extender particles include calcium
magnesi um car bonat e, cal ci um carbonate, nepheline syenite, kaolin, talc,
silica, diatonmaceous silica, mca and cal cium sul phate. Preferably, the
non- opaci U%it@@s&%%ts%%gE U@%#’iﬁ%is%‘io%e?ﬁit)iﬁ%o%%ofs{u%%h{{kﬁ%%ﬁ?%e%&% sting of
cal ci um magnesi um carbonat €, ¢al ci um car bonat €, nephel e syenite and
kaol i 30 Prehed 8§ wund fivehen esackgabatfty bnigd exdckindeén hiphrRV C beaiat filnes, sed ect ed from
the list consisting of cal ciym magnesi um carbonate, cal ci um carponat e,
nephel enegoé?’é‘iﬁtlpés rld !ea%ei: ﬁf @Ry QPACHE G lﬁw&l@fsatﬂrwﬁ%@yotaﬁren% Eted from
t he group ISt : i [WUr : i onat e and
a0l e DR R R PR T ect | ve
sour ce of Hoalkeéruno atkgmess ovatle gr doomatse th«Chi cQ@8)t2n tast dorirtudatioss angyr ef er r ed
source of  cal.ci um magnesi.um carbonate for in the present invention. It
o hvai | aB8 e PTBRH TR SHeG S pe b gedS SPGB SRRUrS R Sui ¢ bl e
forms of cal cium carbonate include calcite including precipitated calcite.
Socal P3 is an exanple of suitable pr%gipitated cal cium carbonate, in the
formof calcite. A suitable ground cal®ium carbonate is Owacoat 850 OG 15
Nephel i ne syenite can be used to partly or wholly replace the cal ci um
carbonate Kaolin, Al 2Si 205(0OH) 4, is a type of clay. Adding kaolin above
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By pure acrylic is neant that the polynmer is derived only from nononers

sel ected 15fromthe esters of acrylic acid and nethacrylic acid and the

aci ds t heweebuegs490By styrene-acrylic is nmeant that soneP€TPeoIg/osqdl or its
copol yneri sabl e derivatives are copolynerised in the polymer. Suitable such
styrene derivatives include a-nethyl styrene and vinyl toluene. 20 Mre
preferred are styrene-acrylic polyner particles as these require the | east
amount  of E%?éaypétau%ﬁmﬁsnﬁamlg@z@@és&%és%tanﬁe&fg RinfAiMhE fRuddyd most
preferably, the polyner binder in the present invention is derived from
styrene, Budydontot atIPH e frand2itociol Iy tvectics &bhss miiwes dévbsprispref er abl y, t he

| i sabl id i | | i d .and/or 25nmeth | j. i d. Preferabl
the bi ndeP 0B sricyhEdaglreigerds 1 e QnaTom Vingr B fiflsT S04 y 5 to 15
and nost pr@besiallvot hé pEndntOtolRphacirroy whied nehtyialngmRirsig/idgh 30Sui t abl e

acrylic nononers include alkyl esters of acrylic or nethacrylic acid such
as met hyl raystange raveaver, agphipfedrt Halbpiapatieatiopy pigmenigdyasieylrigde, et hyl

acryl ate, -Te t J .

ot har i B0 Smeb bBEE S e ATON R s LT BB MO R
benzyl nmeThacoyd ktle, if beabinkylo wiideaks wtalkergh somodtfithamtifacryl ate t he
hydr oxyal kyl esters of the sanme acids such as 2-hydroxyethyl acryl ate,

2- hydr oxy Bigmantedetepisplaipd polymae hgads. 4ig aelyniep Paigics kettpiaieyhosh end BiOphe aci d
val ueiof theopgliymer is preferably from15 to 60, nore preferably from 15
to 55, even nore preferably from15 to 45 and nost preferably from 16 to
30ng KOH g non-vol polyner. Below an acid val ue of 15ng KOH g pol yner

pr oduces i ed paint of .paorer wet.scrub resistance, whilst above 65 ng
KOH g pol %&» Bt nege SIgPRERY o4 D RE QRO LTy PG SO PR o e

pai nt. They Gl diabSgy Sont@t WadlsEMsFIRRMUYEBRId Dheigy Afd gholiwngkégpal nmononers
into the polyner conprising the particles. Suitable such nononers include
acrylic atisgtanpet hacrylic acid and maleic acid or its anhydride.

Pr ef ei bly, the acid used is acrylic 15acid. Polyners of nmean particle size
no nofe than 0.3 [tmare preferred as they are better at binding together

the parti autatimghQ MEORHroviedd i RueONIASInEteN coxtidgRbripesiAh Ha\tiﬁ%a nunber
average nean particle size of thedgjo]gﬁlmer particles is from0.05 to 0.30
)ap

um nore BV&radifeamn y8 te dieoouprisiogtbased pn thededl vajsme seledseafaks ¢ryf rom 0. 08 to
0.14 um E&‘?in@.‘ﬁ%?go%@ﬁx%esstﬁt%’df he diameter of the particles. The snaller
particle Size®i's preferred as it results in inproved scrub resistance,

whi ch is pasgacidyibapigmdntpaticRetomprisihg hi gh PVC of the present invention.
25 The glass transition tenperature, Tg, of the polyner binder can be

adj ust®d Bﬁocnhét‘é%ﬁ’dgalﬁ?‘m:%‘ﬁﬁ%rs and the relative amounts of each

conpri si ngy k& PRI 2096 hdTloSf 841 ) icles from6 to 21C, nore preferably
from6 to aQQ, even nore Sré@£?§%¥§péfgﬁ16 to 16C, .. 30 For the avoi dance
of doubt, any reference to Tg in this specification is to calculated Fox Tg
unl ess ot herw se gstler Tg. pol ynmers are used, nore coal escing

at ed, en hi
and/ or pl )slfqné‘?%cﬁiémgﬁﬁ?gx\% Al OIS t o enabl e a coherent coating film

to form afy ARIARMLAQTMIh SEMBhAL Yh@oPf approximately 20 to 25C. Lower Tg
polyners are preferred as these can filmformeffectively with reduced

| evel 35 of iipedleiamt carhanetcainyd/okeepi ng both the vol atile organic 5 content of
the paint..and the energy Pntent of the paint to a mninmm Pignent
dispersanpgrﬁgﬁgwgﬁyvngéﬁngse a hydrophilic portion and a hydrophobic
portion apndkagl@pendi ng on the nature of the dispersing nedium and the

pi gnent surface, one portion will have a greater affinity for the pignent
surface amdcicHe)HORED T K t0i%0%0 susk V) ke @i 2er sing nmedium In this way a
st abl e di spersion of pignment dispersed in the medi umcan be produced. In
the present invention, the dispersant is required to disperse and stabilise
t he nd- po) puiehechingaafticilaa@f palgurd FokiTecdffebmg taly (€ dlaving apiagitent s) and
non- opaci fyi ng_15ext ender particles. The i ght. average nol ecul ar wei ght of
the di speldanf How:lSde oame k@Ete afqady e ang dessip thepRe P addst e nand
accordi ng : [ i 4 .er than
0.35m¢96o?&ﬁgﬁﬁﬁg*gﬁ?gggﬁggﬁ?ggg83?2@%@qgﬁh%ﬁ§hgﬁ%g%Egggﬁ?ﬂgﬁﬁhgrganic
opaci fyi nderpiagzvent s and non-opaci fyi ng extender particles. Dispersants

whi ch do not satisfy these two requirenents produce dried filns which 20are
unacceptable for wet scrub resistance. Preferably, the weight average

nol ecul ar wei ght of the dispersant is at |east 4000, nore preferably 5000
and nost preferably 6000 Daltons. The upper limt of the weight average

nol ecul ar weight is preferably 50000 E%Itons, nore preferably 40000, 25
even nore preferably 30000, still nore preferably 20000 and nost preferably
15000 Dal tons. The nost preferred average nol ecul ar wei ght of the
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25 invention (2w % Texanol on liquid paint) contains only 0.06w % of
Texanol in the filmafter 24 hrs of drying under drying anbient conditions
and only WoQaw@ft er a further six days Preferably, tReTERgIMIOFEI
coal escing solvent is able to reduce the cal cul ated Fox Tg of 30 the

polymer tq from-10 to -80C, nore preferably to from - 0.-60C, even nore
pref er abl 3} figporsaghhavieg ¢ yciehbey s rﬁ%’&eulbw%gﬁfaﬁ%?%t TOHuRE Es S20c. The
reducti ongdiSetd &f BEaRLiY 1RE He@RANY R fdRahQo AL Maure ¥e the RS fRRET erabl y up

to 3w % vyet nore preferably up to 2wt % still nore preferabl’y up to 1% and
nmost pr ef pigatshyparicles othcswtadntbahalidvapasmeric phigicles qpfiag, dndithaitxderidon.  The
extent to_which coal esci.n vent re es the calculated.Fox Tg of a
oo 41 cul aPIDEEYABR SR 5E B EE P e R b R Bt SRt

51/ Tg=3/p/ TpRiRYRH Tch@itPhaitRtsladMiedrtiddibyhe mbdod RrdifeI@l asstribe@nsi tion
tenperature of the polyner and the solvent respectively Tg is the gl ass
transition tenperature of the plasticised system 10 Vp and Vs are the

vol unme fracti ne r and the solvent respectively a is a factor
account i ng) @‘8§&§&§{‘1F§0%3%3‘2%g?n pl asticising efficiency and is assunmed to
be 1 for the purposes of this invention. Suitable fugitive coal escing

sol vents include Lusol vanTM FBH (di-jisqbutyl ester of a 15m xture of

di car boxyPhereithgympesiden wAreef ppnfegitiveepslasgingselvent of a mixture of

di carppxylic acids) , Loxanol Tm EFC 300 (linearic ester) , Buty Carbitol Tm
Butyl Cel | osol ve, Dowanol TM EPh (et hyl ene gl ycol phenyl ether), Dowanol TM
PPh ( pr opPtedereblgltheciobmphtevojime tdreent,is Domeivod 8PmBrd prefopabdp fibartd) gl ycol

n- butyl ether), TnDowanal nB, DBE 9TM (a m xture of refjned dinmethyl

O ot o at oV W ot SBE s o ) SRS RO B ISb Entd SeA o EBTM
(et hyl ene gy GRE bERRENIHE aclDPYVL ani8KAERK §Mh) and b) is made up with other
(2,2,4-trinmethyl-1, 3- pent anedi ol nonoi sobutyrate), Dapro TM FX 511, Vel ateTM
262, Ar cosoi-opaiiyDRNBendeicpgmients ThAdfed herantizdowy| al cohol . A list of

sol vepgs and their glass transition tenperatures can be found in the
article 25 'An Applied Approach to Film Formation' by JW Tayl or and TD
Klots, preseatsld, @t opiefyail fighenynltidéf £¢ haitee, H gh Solids and Powder

Coati ngs Synposium Sone representative glass transition tenperatures of
solvents are listed bel ow. Panol ynTM 300-80C 30 Texanol TM 84C Arcosol vTM

car bi t ol THISE BRET 0 ChEpRi<d B Eneh A oA Thcn o S AR EHEY

control tpartiviescBséd Morndefchudd), dgyofatidfing @ighhient particlesporssidt 0o6ME), Sui t abl e
r heol o(gy nodi fiers for use in the present invention jncl]ude carbaoxynethyl
cel | uE®seotlypddOsnioduerd ) thagsdkurys chlogidg peseget in preferssd inithis nvention as

Nat r osol TM : T . d i I Lfed

hydr oxyet %Qy% 5%3?‘?%1%%%&2%0%] Igbslé%ac?lgg ggﬁi t'Il%\ﬁ/? E)T%Hszﬁgér:lsgééﬁy oﬂsgg%é 129(2 gtgor ades;

et hyl andthetdogtinet hyl hydroxyet hyl cel |l ul ose such as Beronocol | TM EHM
grades; non-ionic synthetic associative thickener (NSAT's) such as

Acrysol TM R1V1825, Acrysol TM SCT 275, Acrysol TM R1V12020, Aquafl owTM
NHS300, CoapifahMnddBWde RGRiR4T M the QutilBesmPAcln kML g8adasicnt O

hydrophobi cal |y nodified al kali” swel | abl e enul si on (HASE) thickeners such
as ActysobcRNETETaBbthudmoys BIrFawiDRTG actliwsathRbaros ilegTdg ofAipkelty. swel | abl e
synthetic thickeners (ASST). The NSAT, HASE, ASST and HEUR type

t hi ckeners are preferred over the 15cellulosic types. The benefits of the
i nvent i onpRT&a6g RN RO MPLYesBCidi B iRde pRIGEIO Woat3 eORdvEA ne@EPOosi ti ons
normal Iy requiring hi ?h | evel s of Ti02. Such colours are the greys and

i ghtly cbicéuirldy fioond inGsyet Boreprefeasdy frem ¢ 9 hstidaxare prederably gfm e 69 our s,
and of coyr i . | ours, can be defined using
t he wel | E%§%°W§?mh§§%%m%% 0?%% C;%Lt/ﬂsptog%ORany col our can be
repredented by 25i.its hue, depicted by h* ii. its chroma, C, iii. its
light reflectance value, Y = These terns, are defined scientjfically by the
Conmi ssi oROHAYPORARS Ion BICE TRy sPitical P%@@leé@(a@la%p ‘1@@@3 tq egdaathitsnal

Li ghting g@%&rﬁ u \ L : i A s 87. 1 SBN 978
3 900734 7?’. ls%%%/bl% ﬁ@&&g?dé%n%gtaéfygﬁlg%ggﬁgi J,ﬁgaoflay(ﬁ/r ggg?gonfc%gt 0 coating
col our i npahicls. Syphqiafticdent droavdikbleas hecons dopersohs thder cloatradegamben dry,

unl ess otherw se stated.  Hue is.a neasure of how clgse colour is to
oas el | BaptyRBenhgiei ik tSnpSy Souaret s Coyann i s tan dOPSRGTHGTE  om 0 t o
360 where the angle defines the position of the hue in col our space, where
red, yellow, green and blue are at angql es of O, 90, 180 5and 270
respectively. Angles between these 'cardinal points' indicate internediate
colours eg a hue angle of 450 is a reddish yellow (orange) col our. Chrona
is a neasure of colour intensity, ie the extent to which it is either a
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positions on the hue, circle. The C* axis runs fromzero at the origin to
100 at the 20 perineter. At each value of Y, further slices of hue are
associ at esonreprss®nt i ng |i ghter and darker col ours. At poTieredig/os@wk and
the light end of the Y scale, the colours are less intense, and thus chronma
IS inevita For this as col our space . is often depicted as a
spher e, g fﬁ%h@ﬂ Hieral i pheis Wi & e be P@@meéh%gﬂmﬁm? Sig lﬁgm{g

Usi ng t hetthEeﬂ&g%b&&t Jride @AY AQAitbhaRL t&9lt&wr@g)r&@@@m£ﬂtw§bm Ch
benefit nost fromthe present invention,” cah be identified as tThose

col ours, fobt ddedpainhiile®]losang éfyyrign Q’IOtrh erefahblgwiha gowmpodiden i;fre€of<
Ccriticale tion 1 .30 Y >rrf,*1 + 35equation 2 where mand Ccritical take the
val ues i n“%ﬁgﬂ @O‘IPS&%W CPRABY'® 1 Hue angle h* M Ccritical O 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. $mwlarlypcgcipadclay, a white pigment may be used as a partial replacement for

Ti0O,. 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
10  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

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
15  compositions of the present invention, in addition to the other opacifying pigment

particles to produce pastel/light colours as discussed in greater detail hereinbelow.

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

20  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
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

25  opacity at all but rather that any contribution is small in comparison to TiOs.

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

coating.

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

carbonate and kaolin.

5
The mineral known as dolomite is a convenient and cost effective source of calcium
magnesium carbonate, CaMg(COs),. 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.
10

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

calcite. A suitable ground calcium carbonate is Omyacoat 850 OG.

15 Nepheline syenite can be used to partly or wholly replace the calcium carbonate

Kaolin, Al,S1,05(OH)s, is a type of clay. Adding kaolin above 20vol% to the
composition (based 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
20  casy application using conventional application techniques-such as rollers or brushes-
and allow the paint to flow to produce an acceptably smooth finish. Advantageously,
the amount of kaolin should be from 0.5 to 20, more preferably from 5 to 15 and most

preferably from 6 to 12vol%.

25  Preferably, the non-opacifying extender particles comprise from 50 to 75, more

preferably from 50 to 70 and most preferably from 55 to 67vol% of the dry coating.

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
30 that the TiO; particles are sufficiently spaced apart so that scattering is efficient and

therefore opacity optimised.
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0. 098 39.w62011A3em0¢ the Ccritical value the col our intemsirtBpP2013/06@01 hi gh to
be perceived as a pastel colour. 5 The values of mand Ccritical at

i ntermedi gt e hue an can b cal cul at ed | i near ter ol

tabl e N hegat s S LM bAdGT i d%rhaérﬁ}era. P Gtchus «ne'
whi tes, 19%@>paﬂrcre%§tv%udlé SheRRAERANGLXPl 1 Citly Identl fied. Coatings
having chroma, C* leSs than about 5 and a Y value nore than 95 are

per cei ved by the human eye as white. 15 The values of Cv, Y and h* of any
col our be calculated fromthe spectral reflectance curve of the col our,
rreasured B¢ higder copavseHphatushiet Epparomebriigaacinggriniriaes. plsiuf act ur er s

i nstr t| I ctraflash SF
600. E%Pre é@P;S?‘,g“lattﬁp 1g[r 8%%%??%8%‘%& 6El)@slrblt?sr égﬁ?a@?h@%g eﬁlﬁrl\llsgtﬁf ion satisfy
equat i onSpdlymradsaZmnI\zbertbodsr eferably, the dried coating conpositions have a
chroma Il ess than 5 and a Y val ue greater than 85. Preferably, the gl oss
value of the dried coating is |ess than 30% when nmeasured at 2585, nore
pref erabl Forl s‘?ﬁﬁhélﬂaﬁl@@cfﬁd Eéﬂ?ﬁlemﬁ@hlﬁ)@ﬁécﬁic%gbﬂ/ id Re&td hpRr 10% yet nore
preferably |ess t Han 5% and fost preferably from?2 to 8% The coating
conposi t i bemopolymbsend copdymestcheprismgtedioemose mhaemear erkntandar d f or
coatipgs such as waxes, rheological nodifiers, surfactants, anti-foans,
tackitiers, plasticisers, crosslinking agents, flow aids, biocides and
clays. | nTﬁ@@élK’ﬁfer @&ﬁﬁ@img)fhetbﬂﬁiek pariblch %réﬂéﬁib@yé&y%@%b%@ cBpdreibed of
coating an article or structure having a surface wth a conposition

accor di ngot dpesacyliesent i nvention including the steps of applying at |east
one liquid layer of the coating by brush, roller, pad or spray and all ow ng
or causing the layer to dry and/or harden. In a further aspect of the

i nvent i onBY pareack ik ewatetlatahe poliyhet & drived ougtitone ndavintg salestedf ace coat ed
with a conposition according to the present invention The follow ng

i ngr el enfrgnwér éStQF§@éa‘?fbihf>?‘é6&Pii Hljﬂtaﬁ’é’héﬁaﬁi’pﬂ“%he aoidsthemsedeem TR92 is a
Rutile formof TiQ2 (density of 4.05g/cnB) available from Huntsnman Ti oxi de
Europe Ltd, Hartlepool, Ceveland, United Kingdom M crodol TM H200 and H600
are both Bglsmﬁmrﬂd:eiﬂsridayt thht sbn&&@jremﬁ%a)nd&rdts&npol&mﬁkeé)ﬂﬁ gerfvatmesOrya. Onya

House, Der by, do al TM P3 is precipi.t d cal cium
car bonat e8RS} ot o “%?JWTXWBS SHREPI Sucv PR EnSE Prig gyl
Rhei nbergst?,@ggﬁglymymlmea ay Suprene-kaolin (density 2. 609/ crrB) i's
avai | abI e fromlnerys

More preferred are styrene-acrylic polymer particles as these require the least amount
of energy to produce them compared to the pure acrylics and most preferably, the
polymer binder in the present invention is derived from styrene, butyl acrylate and a
copolymerisable acid. Most preferably, the copolymerisable acid is acrylic acid and/or

25  methacrylic acid.

Preferably the binder level of the coating is from 5 to 20%, more preferably 5 to 15

and most preferably from 8 to 15% calculated on volume solids.

30 Suitable acrylic monomers include alkyl esters of acrylic or methacrylic acid such as
methyl methacrylate, ethyl methacrylate, butyl methacrylate, ethyl acrylate, butyl
acrylate, hexyl acrylate, n-octyl acrylate, lauryl methacrylate, 2-ethylhexyl
methacrylate, nonyl acrylate,decyl acrylate, benzyl methacrylate, isobutyl



RopaqueTM U tra E is a 30% non-vol dispersion of hollow pol yneric spheri cal
particles (density of 0.591g/cnB) and is available from Rohm and Haas,

Phi | adel pOap11US#0725St eabright TMis a tal ¢ (density of PRTEPQ1a083491
available fromR o Tinto PLC, London, United Kingdom Texanol Tmis an ester

al cohol coal escent .ayail abl e from East man em cal npany, .Tennessee, USA.
TegMer Tm eI A fehashdaty @émﬁ?%%w%%w Cef 3R Pst ar, 120
South 30 Rhé’@-&l?&%@ 8hd92a%ryl§_€,' Z-Eycir@%%thﬁﬂl&%i?ylatle,' ddeh 189GRGy1USA. OrotanTM
731 Ais a pi gmsn%l I spersi ng agent (25wt % non-vol; density of non-vol is 1
g/ cnB) avaicthabtydaté.r om Rohm & Haas Phi | adel phia, USA. Di sponil TM A1580 is a
surfactant (80wt % non-vol; density of non-vol is 1.00 g/cnB) and is

avai l abl e from Cogni s Deut schl and GrbH & Co. KG PO Box 130164, GCernany.

D spex. NMdO is a dispersant available from C ba. 5D spelairTMCF 823 is a
def oarmer (60w % non-vol; density of non-vol is 1.00g/cm3) and is avail able
from B aPTHé‘Eﬁd@Qﬁ%Fﬁieﬁpoﬂ-ﬁﬂeri e‘f&k%lglfrolrrmjyibt 60, MhorEptRirgbly Bloae Kbty n,

Uni ted Ki ngdom Bl anoseTM7M 31C SCS 9554 (density 1.59g/cnB) is available
f r om Her cob.ecyciomor; piipsaidy donf 15 @t mndymost prefereblyifthan CHR 90rog K&Hgoci de i s

avail abl e_from Thor at, W ncham Avenu W rthw ch shire,

gl and. RSP TUsE nBEOI00: TSt it RO EinaPRlF afbdisss SRR

1. 00g/ cnByf psorér whiserudrevidtiteoWnly abod 63 @ KaDE/d solgiad teady te degiage Her cul es
GroH, Dussel dorf, Germany. 15China C ay Suprene (density is 2.60g/cnB) is
avai | Hbl ethervarhseivhrgsistancgogshendricd pgingt yr ene/ butyl acryl ate/ met hacrylic acid
copol yner of Tg 10C and Acid value 23.5ng KOH g pol yner and 50wt % sol i ds
content. Latex 2 is a styrene/butyl acrylate/nethacrylic acid copol ynmer of
Tg - 10C afitle Add dalMalidreari2d byregpdhicgsipg hyiddunaiodalsomid¥hsolntelthecont ent . 20
Latex 3 is a styrene/butyl acryl ate/ methacrylic acid copol.yner of Tg 10C
and Acid RRlymer iom%w@hﬁ@aﬁwﬁey bl USDRDPETS HEACHIBHE Sdhe. f of | owi ng
test et NoMsWR/iE abitetld ntateil/BLROY @ 5n el @B prferdBiy RRE 30 bsedAHGIHS CPC was
used set up was used to nmeasure nol ecul ar wei ght.” The equi pnent “and

condi t} onscidsed were; Columms: 2 x 30cm TSK GVWPWKL GPC col ums from Tosoh
Eluent: 0.3M Sodium Nitrate, 0.01M Sodi um Phosphate with pH adjusted to 7.5
using 30 0. 1IM NaOH Flow rate: 1.0 m/min Detector; Waters 410 differenti al
refracti veolyRfdeXofdféRGIatticle $10¢ hyVeHoRs thR0Sr 5m Md preftnicd s 8y sk BacPd  The
instrunent was calibrated with Dextran standards covering the range 342 -
401000 g/ hodingegathersheparticydate sampandsys eofitheeempestion.g in 10 ms of el uent
and filtering through a 0.45 m cron PVDF nenbrane. 5Injection Volunme was
100[ L1 Opacity (Contrast Ratio) Opacity was neasured in accordance with BS
3900- 9. AicfdrablstthORbmbes acongd chedieparticiesprafkie. polhifigparasuis édnopaci ty is
not linear in its relati onshig to how the eye perceives opacity. Thus,

smal | di f P8P nBS8 1k s Pirfergblydirm P\ 7dp £ 158 apd mopieprelpeabis framdh08 ar ger
diff i d i N | SO
o813, 5S. SonbFHE Tha falh IR RN ERRICE IR ARRILCRRT S BefRIET | e

filmwas seasyredrredaat conbamcienprotdd sBObEDbit&GRc]11ARE iupartiqul20P cycles with
the nodification tgafl. éfﬁ%élco % was recorded as ng/cnR. 20 A loss of |ess

t han 6nmg/ EREOTRBR#AT 1igs g 8’; SBFE P Rear Viscosity  The high shear
viscogity is nmeasured at 25C using an ICl Cone and Plate visconeter

(avai l abl e from Research Equi pnrent London Ltd, London, TW2 5NX) operating
at 2510, 00Ds gless tRotstiohi temperaturs dgs of the pPhyinrer pindTheanrtedidisteslheeahe vi scosi ty
is neasured.at 25C usi ng K Rot.ot hi nner tvi colret er .s(iav%i[ I aPI e from Sheen

| nst r umenfitG Y, PRIEE? A B SHAPHAHRUINtQf ALY CoRg~iRg IO i th a
standard ic$&abl9t@fs ficth @ttb 29°@tmae PHdfeabristh Whb ¢D°d, evefithonspefttatl a shear
rate of ca 250 s-1. Particle Size of Extenders Particle size of the

ext ender sfraaxd ipestred using a Mastersizer in accordance with | SO 13323
part %&2 Met hod for determ ning dispersant demand

For the avoidance of doubt, any reference to Tg in this specification is to calculated

Fox Tg unless otherwise stated.



5The basis of the test is to gradually add di spersant to an aqueous

di spersion of the inorganic opacifying pignment and non-opaci fyi ng extender
parti cl eswotlmiigi349oeasuri ng vi scosity until a m ni num vi COHEPRY11i0S64pEached.
The anmount of di spersant added to achieve this viscosity expressed as wt %

non-vol djspersant _cal cul ated on the weight of the particles is the
di sper santV 8 rTm@fymweéw% W%%C?ﬂ%%cg@aa@ﬁ{%p&é@ﬁZl&&éO%ﬂ&*ar@en from

the wei ghtf,fred MUrablcQbondiBt dRlihOMMA % MRINAA MRS rHSRYehRrigissm ne the

di spersant demand: 1. To a 500 cnB | acquered netal can arranged to be
stirred wipirosntian2¢ peed CsLoweetg polymeBbire picferead asithdse gam flro dor50 nm bl ade
add approxi.matel y .150q of, .water he exac nount, of ,water.will depend on
Che for mirR L o3 I O NG e by B bR Pee T Pisaranount o
candi dat ecalitSRF SR Painttahll sheBm¥rdyRBHichCoBht bhist told dfduMN to make an initi al
estimate of the dispersant demand in order to nake a nore accurate second
determ nation. 203. \Wilst stirring at about 200 rpm add all of the

ingredienFﬁ—e+h§+—+haﬁ—eﬁae+#y+ﬁe.- A —HReR—6P -SFE
parti cl estEHNERBAFF AN BETaly carlTiphe hydtRplitic ppigiongad aih obif step 2.

Stir for ﬁorftiHﬁtaﬁ@,rdegerfﬁiﬂgj&?ﬁle_naﬂne beide Hﬁﬁet@&%‘rﬂmfaﬁhﬂﬁt %ﬁl@ﬁ‘tder particles
and t he non-pol yneric opacifying pignent other than any coloured opacifying

pi gnent . buréaceawe poheonswilkravag greatdrrdgfinihefo? Bedugmenmutfacadndithe @HE0r pm or as
required to mintain. a vortex.int can. Oolids of the mxture at this
S age! EnobioBdotaBdisPoresmedins. s SN s fabfe fietsSPe §T wieials Rot ot hi nner
visconeteam%&g&p@iygﬁ@d@mp@hnmqgégkmﬂptating at 562rpm For conveni ence,
the viscosity at this stage should be approxinately 6.0 to 7.0 Pa.s. Sone
trial and error may be necessary to achieve this. 30 If it is so high that
it cannot irre it i r g/ or 14 added. For
sone exteﬁggfigéﬁgfﬁg?ﬁgﬁgh% §8§F%%%@%ﬂ@ﬁﬁfﬁﬁgﬂﬁ§e€§@gﬁpﬁ quﬁghL in which
case, st apblyhcoopi@fyig pikhiksts (indRidihgiang cBloub pignearse afd ndreSSacgingr as
required. 6. Add npre dispersant to the mxture and mx in using the HSD.
7. Reprat cxerdss partigles Bheumeight aveeees medesaiar v cas e Ehe dispersapi By bS@Hi ti on of
di spersan i Qmﬁ [ -1l I Sper sant
demand i sleg%ttsi%rgg{%g b%§;/ p g% t8 gﬁ%@%{ﬁgr&%ﬁ& %%ggqlﬁééc%gﬁ ¥ ;esegleglggg éC?illlgg(l;i)er sant
expr essedhasinikl¥ovdinsgp e gatater ¢landld Bitt€6 o Dmori-1d dsyprrsefit dalvalanei ghtheof t he

50paci fyi ng. pi nt particles.and.the weight of the non-qpacifying extender
particl esW%‘ﬁﬁég%ﬁiu}ﬂE%né%Rﬁ%fY% Pﬁ%fH@R}%PI}‘g BTSRACE ARG ef‘t?ng tﬂa&%féest he mi ni mum

Vi scosi typiigetae Wi ddiot dhpe IR w ARARRGents prodl&edsddhlaiifcidi sper sant
shoul d be used at as high a non-vol content as possible to 10avoid

vi sco2l t yargrumpecepble foewal scrfresistapéee di | uti on. The Rot ot hi nner vi sconet er
(Ref 455N/ 15) is available from Sheen Instrunents, 2, Gatton Park Busi ness
Centre, Wells Place, Redhill, Surrey, RHL 3LG 15 By way of exanple, the

di sper sanpraaampdint WRighPatdrage hdlklulef weXaidH tBe disp@sard §d fnedsneshoas fol | ows:

1. To a 500 cnB | acquered netal can arranged to be stirred with a high

speed di sperspiefqrdgpf0§Q endagostiprdferably008 Dsdtopsn I agperdadit 00§ of wat er .

202. To thj [ 9 e 3.
Then Texansienf 1555 1RSERUE Rk B80T 20300 BHERYS B RrRESHOUS | 3
was apiledeton rhde pidstablye3 0000 Ssdtidiimare @iciemiblyr 20800 and mdRi profeesbl@l S@O0r pm 4.
Wil st stirring slowy a_pre-m xed bl end of M cyrodol H600-(75.2%é Socal P3
(110. 57g) Datteisn Zhemeyt nsefsrrsdraverags wslgrulasyeight pligthe dspersanys frama3088ol H200
(75.29) 2 00 IHe TR92 (57.5g) was added. The stirrer speed was
increased during the addition to 2500r pm and nai ntained for 5 mnutes. 5.
The Rotothi nner viscosity was neasured as 6.5 Pa.s 6. Then an extra
0.87g of otan 731 (at 2b% acti.ve) was added and the m xtur s di spersed
ot * 58001 pif SRPerEt Hemen RS T RbE et et Soe iR e

30neasyr edisp&sion f Ben-polyméric bPhEr MBS pibRREA}LE I AdIudiRE ayy 87O ty of 2.2
Pa.s was reached. As can be seen’fromthe plot in Figurel, dispersant was
added pasbpigntents).randiemtenders.quodiceya ponimun misorsitgr By miestunmatseositiyés di sper sant

demand. For t 731,...a total of 8.7 of di spergant s added to reach
e i ni niITe O o o B Sint st RAERE, BBRnnl BBt 7

SVat er 21. 2htheBdRY id 0% 2.9417.70 Ootan 7311.458. 76 Di sponi

A15800. 734. 42 Dispelair 8230. 191. 15 10M crodol H60012. 4875. 20 Socal

P318. 37110.57 China C ay Suprene8.0848. 65 Steabright12.4875.20 M crodol
H20012. 4875. 20 15Ti oxi de TR929.5557.50 Note that, other than the water, the
ingredients are in the correct ratio relative to each other. The reduced
wat er content allows the viscosity m M mum to be detect ed. Figure 1
shows a plot of viscosity agai nst added non vol. dispersant for various
20di spersants. Line A represents the plot for D spex NAO (D spersant denmand

~ A PN 2 AN e o T " r . .




Line C represents the plot for Ootan 731 (D spersant demand 0.50m % 25
Line D represents the plot for Strodex PK-80A Line E represents the pl ot
for O ot amo@8l/3B0gper sant dermand 1.50m %9 Line F repre®emeP2aihasgabot for
Nuosperse FA-196 O these, only Orotan 681 and Orotan 731 are suitable for

oreat or ¢ AR BisghpLsa ot Bnae oot fapain et ey PR t ham O
0. 35wt % xR eRidUhighelANEB LA Afuub bispat A% rihd S A REDYpddSirfol | owi ng

exanpl es. - Nunbered exanples are o e invention and conparative exanples
ar e ref er pigowdt (h¢lhdihgpneedoun pigmbhts camslestander porgsléomduheniiconhe ef ers to t he

liquid paint and.the vgl.%to th ried cogating. 5 The follow. t hod was
used +o” meReoTRer B dtng i e HeE T M nbgnuR gty i B o et
di spersi otheURBERIm ahdadt dthBspd&datl adddd to rEeXAIMe Iminfhah #cHNityldssmex, Di sponil,
Acticide and half the anount of Dispelair. Place vessel under H gh Speed

10Di sper s8ipgrbant dgmopd-h a saw tooth blade. Stir at sl ow speed so that no
splashing is observed. Add M crodol H200 and H600, Socal P3, China C ay
Suprene, Steabright and Tioxide TR92, run for 2 minutes at slow speed then

add Bl anoga@ cvbih eloenpicferfddenctbid Rudeasibsl awlhy tésnproeadiged he speed as the paint
t hi ckens. Unit should be running at approxi mately 2500 r.ﬁdm (d@f)endi ng on
vol une), Buitablg dinprisanipionass HEhe micpgnt fyentiom welyde QuptanBhohiuEatan’st op uni t

hal f Y&y %"f rotgh SBUE %hgftﬂésg'ﬂgymogéﬁﬁlfw tgl;%at%ir glﬁééﬁaﬁz)nsvessel by

hand stirring. Turn unit onto speed, ter m nutes reduce to
sl ow speednd tGhedpetshie dehmheé isah adesgarcs mwoth the tdshdispelk|HIANes farthdri t s by

brushing qut on a card. If acceptable anmpunt of bits, add Water (2) and run
for a f ur SHRSSSIHERLS ox HiF IMHERPSYTY iy BRIN 1145 SE3cHPEd BY B9 The total amount

of water shauBeutd al RenRFGIRbR doaluTbAL d QR ARTiciBpbipRcrati o of : water (1)
water (2) : water (3) =45.5 : 30.3 : 24.2 Pai'nt s?age Load Latex 1
into a suitably sized vessel and place under a stirrer fitted with a paddl e

25bl ade. ad Ro ue,. the rest. of t Di spel,ai r. he .M |.| base prepared
2bove! > ad BF Me RO SR B sk o REE e Eped Eebb e T he Vor e 1 n
the vessel increases, being careful to avoid splashing. 30Stir for a
further 15 m nutes at | ow speed (approx 500 r.p.m Exanples 1 and A

Exanpl es Rasigl@olRuay e aswdlreducyd byadding smalbamewnnts khvarfays celesr di f f er ence in

e o AIR BSAR B Bne GL BRRD SERRSRE o, 15,
coati ng) tihtefs})tb@ valfiteymaintcoat i ng) vol % (dry coating) Aquaflow NHS 300 1.50
1.01 210 50 1.06 Acticide CHR 0107 0.24 0.07 0.24 0.08 Disponil A1580 0.50

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

25  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

Preferably, the fugitive coalescing solvent is able to reduce the calculated Fox Tg of

30  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%,
yet more preferably up to 2wt%, still more preferably up to 1% and most preferably
up to 0.5wt% calculated on the liquid formulation.

10



1.60 0.5 1.68 Dispelair CF823 0.23 0.60 0.23 0.63 Ootan731 A 1.00 0.65
1. 00 0.69 Bl anose 7M 31C 0.50 1.32 0.50 1.39 Texanol 2.00 0 2.00 0 Water
(Mai ns) 3802811138®706 O Ti oxi de TR92 6.50 6.77 6.50 7. 1PCBarad11/83649L. 50
19.43 12.50 20.44 Steabright 8.50 12.83 8.50 13.50 China Cay Suprene 5.50
8.88 5.50 9.34 M crodol H600

The extent to which a coalescing solvent reduces the calculated Fox Tg of a particular

polymer may be calculated according to equation 1:

5 1/Tg=Vy/Tg,+aVy/Tgs equation 1

where Tg, and Tg; 1s the glass transition temperature of the polymer and the solvent
respectively
Tg is the glass transition temperature of the plasticised system
10V, 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.

Suitable fugitive coalescing solvents include Lusolvan™ FBH (di-isobutyl ester of a

15  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),
™Dowanol DPnB, DBE 9™ (a mixture of refined dimethyl gluterate and dimethyl

20  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.

A list of solvents and their glass transition temperatures can be found in the article
25  ‘An Applied Approach to Film Formation’ by JW Taylor and TD Klots, presented at

the 29" Annual Waterborne, High Solids and Powder Coatings Symposium.

Some representative glass transition temperatures of solvents are listed below:

Pamolyn™ 300 -80°C
30  Texanol ™ -84°C
Arcosolv™ PtB -88°C
Carbitol ™Acetate -95°C

11



8.50 12.97 8.50 13.64 Mcrodol H200 8.50 12.74 8.50 13.40 Ropaque (Tm
Utra E 4.00 8.49 4.00 8.93 Latex 1 6.50 12.63 3.97 8.11 Total 100.00

100. 00 10W0Q011113@000 Wet scrubs wei ght | oss (ng/ cnPLT/ER2@1/03696
Density (kg/L) 1.49 1.49 PVC (%9 82.12 86.37 vol%solids 35.55 33.77

Butyl carbitol™ acetate -100°CThickeners are used in coating compositions to
control the viscosity and rheology profile of the compositions. Suitable rheology
modifiers for use in the present invention include carboxymethyl cellulose types such
as Blanose™ 731; hydroxyethyl cellulose such as Natrosol™ 250 and Tylose™ H

5  grades; hydrophobically modified hydroxyethyl cellulose such as Natrosol™ 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™ RMS25, Acrysol™ SCT 275, Acrysol™ RM2020, Aquaflow™
NHS300, Coapur™ 830W, Rheolate™ 450, Bermodol™ PUR grades;

10 hydrophobically modified alkali swellable emulsion (HASE) thickeners such as

Acrysol™ TT935, Acrysol™ DR73, Ciba Rheovis™; Alkali swellable synthetic
thickeners (ASST).

The NSAT, HASE, ASST and HEUR type thickeners are preferred over the
15  cellulosic 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

20  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

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

These terms are defined scientifically by the Commission Internationale de I'Eclairage
30  (CIE) [see ‘International Lighting Vocabulary’, 4™ Edition, published IEC/CIE 017.4-
1987. ISBN 978 3 900734 07 7].

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.

12



Sum non-opacifying particles (% of dry vol) 66.86 70.31 The Tg of
the polyner binder in the presence of the coal escing solvent is calculated
5usi ng equatnon3ivoas previously di scussed 1/ Tg=Vp/ Tgp+aVerEps@amadspon 1 The
Tg of Texanol is -84C 10 The volune fractions are cal cul ated based on the
pol ymer and the solvent alone. So for exanple 1 the total wei ght % of
polymer is 3.25 (being 50% of 6.5) and the solvent is 2.00. The specific

gravity ofyyt e Rehuresr REcbREHS RbMEPLs th %edlyé)l?bv@’}g(i’eéﬁ aha igsSpggt i vel y and
the volune fraction is therefore 0.15 and 0.85 respectively. So the Tg of

t he pol yndepi¢tad by buprrdermagingfirarh @ tTég@nvhere the-@ghCelings the pnpliesof and B
WO 2011/ 134907PCT/.EP2011/ 056491 ., Th se are essenti all iden | her t han
Ve L ovel TG Feloe Sy et o fien EAnERr aft 4 dnbiSire g1 &

kaol i ns | eyl 27aF ré-’s%eéf&»égxl%nfgaas Ibstvidag thuat @edlﬁm)ohwtmdl&a@aﬁmé@e&a@e wc % (et
coating) vol/0 (dry coatin (% of wet coating) vol/0 (dry coating)

Aquaf | ow W@@gabus@ngle@fgé ls@red@@lmlpvvcﬁoa@g@jﬂlwm 0.24 0.07 0.25 0.08
Di sponil A1580 0.50 1.62 0.50 1.70 Dispelair CF823 0.25 0.66 0.25 0.69
Orotan731 A

Chroma is a measure of colour intensity, ic the extent to which it is either a pastel/
light colour or a strong colour or something in between. Chroma can take values from
10 0to 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,
ranging from 0 to 100, with 0 representing black and 100 white.

15
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
positions on the hue, circle. The C* axis runs from zero at the origin to 100 at the

20  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.

25  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;

C* < Cuitical equation 1

30 Y>mC*+35 equation 2
where m and Ciica take the values in Table 1 below.

Table 1

13



1.00 0.66 1.50 1.04 Blanose 7/M31C 0.70 1.87 0.50 1.40 Texanol 2.00 0 1.00
(Mains) 33.65 0 38.13 0 Tioxide TR92 7.50 7.91 5.97 6.61 Socal P3
12. 61 19.0 26117849751 St eabright 8.44 12.89 11.37 18. 24 pChinra01@TioasaoSupr ene

0 Water

5.53 9.03 16.63 28.52 M crodol

16. 72

H600 O O O M crodol

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
240 -0.041 40.314
250 -0.083 38.600
260 -0.125 36.886
270 -0.167 35.171
280 -0.152 34.640
290 -0.131 34.240

14
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Ropaque (Tm Utra E 4.00 8.60 2.08 4.69 Latex 1 5.20 10.22 5.06 10.45
Total 100.00 100.00 100.00 100.00 Wet scrubs weight loss (ng/cnk) 5.2
17.94 Corwoastl/Badro 93.3 94.18 Density (kg/L) 1.5 PCH/HEHPYUG1(05649183. 9
84.3 vol % solids 35.6 33.4 Sum non-opacifying particles (% of dry vol)

o7.4 300 -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 Ceriical Value the colour intensity is too high to be perceived as a pastel

colour.

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.

20  Preferably, the dried coating compositions of the invention satisfy equations 1 and 2.
More preferably, the dried coating compositions have a chroma less than 5 and a Y

value greater than §5.
Preferably, the gloss value of the dried coating is less than 30%,when measured at

25  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%.

15



73.0 Exanples 3 and C Exanples 3 and C are identical except that the Tg of
the latex in the two exanples is different. Conparative exanple C, using a
| at ex of W@ 20lMG490f7ai | s t he wet scrubs test. Exanple 3 ECTHPWIiwed49coat i ng)
vol /0 (dry coating) vt (% of wet coating) vol/0 (dry coating) Aquafl ow NHS
300 1.50 1.01 1.50 1.01 Acticide CHR 0107 0.24 0.07 0.24 0.07 Disponil
A1580 0.50 1.60 0.50 1.60 Dispelair CF823 0.23 0.60 0.23 0.60 Orotan731 A

1.00 0. 65T, Q&tﬁgféémpmg@ﬁ%11%6%9&%@&58%9@&&1@%@4@& R @aRegy M 31C 0. 50
1.32 0.50 1.32 Texano

coatings such as Waxes rheological modifiers, surfactants, anti-foams, tackifiers,

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

5
In another aspect of the invention there is provided a method of coating an article or
structure having a surface with a composition according to the present invention
including the steps of applying at least one liquid layer of the coating by brush, roller,
pad or spray and allowing or causing the layer to dry and/or harden.
10

In a further aspect of the invention there is provided an article or structure having a

surface coated with a composition according to the present invention.

The following ingredients were used in preparing the examples.
15  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
20  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.
25  Steabright™ is a talc (density of 2.78g/cm’) available from Rio Tinto PLC, London,
United Kingdom
Texanol™ is an ester alcohol coalescent available from Eastman Chemical Company,
Tennessee, USA.
TegMer™ 804 is a tetra ethylene glycol ester available from Hallstar, 120 South
30  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.

16



2.00 0 2.00 O Water 33.53 0 33.53 0 Tioxide TR92 6.50 6.77 6.50 6.77 Socal
P3 12.50 19.43 12.50 19.43 Steabright 8.50 12.83 8.50 12.83 China C ay
Supr ene 5v6Q0B/B03. 50 8.88 M crodol H600 8.50 12.97 8. POTAP2@®7/084481 odol
H200 8.50 12.74 8.50 12.74 Ropaque (Tm Utra E 4.00 8.49 4.00 8.49 Latex 1
6.50 12. 6%is%ogilTM A1580 is a surfactant (80wt% non-vol; density of non-vol is 1.00 g/cm’)
and is available from Cognis Deutschland GmbH & Co. KG. PO Box 130164,
Germany.
Dispex N40 is a dispersant available from Ciba.
5  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,
Blackburn, United Kingdom.
Blanose™ 7M 31C SCS 9554 (density 1.59g/cm’) is available from Hercules GmbH,
Dusseldorf, Germany.
10 Acticide CHR 0107 a biocide is available from Thor at Wincham Avenue, Wincham,
Northwich, Cheshire, England.
Aquaflow™ NHS 300 (23wt% non-vol; density of non-vol is 1.00g/cm’) is a
thickener/rheology modifier and is available from Hercules GmbH, Dusseldorf,
Germany.
15  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
value 23.5mg KOH/g polymer and 50wt% solids content.
Latex 2 is a styrene/butyl acrylate/methacrylic acid copolymer of Tg -10°C and Acid
Value 23.5mg KOH/g polymer and 50wt% solids content.
20  Latex 3 is a styrene/butyl acrylate/methacrylic acid copolymer of Tg 10°C and Acid

Value 11mg KOH/g polymer and 50wt% solids content.
The following test methods were used:

25  Molecular Weight of Dispersant

Aqueous GPC was used set up was used to measure molecular weight.

The equipment and conditions used were;

Columns: 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
30  0.1M NaOH

Flow rate: 1.0 ml/min

Detector; Waters 410 differential refractive index detector.

Software; Waters Millennium 32 v3.05.01

17



Latex 2 0 0 6.5 12.63 Total 100.00 100.00 100.00 100.00 Wet scrubs weight
loss (nmg/cnR) 4.9 7.4 Density (kg/L) 1.49 1.49 PVC (% 82.12 82.12
vol % sol iwe 2085357 35. 55 Sum non-opaci fyi ng particl eeCrAPRI1106649V 0] )
66.86 66.86 Exanples 4 and D Effect of |at ex acid value. 5 Conparative
exanple D, using |latex 3 ynmer, fails wet scrubs
test. Exafnpf s Wﬁ}owwﬁwa{ﬁr@m@ b%tr%%t%ﬁda OEFIE arap e 345 -
coati ng) C@@fdo@%)/rﬁggtl ng) coati ng) Aquafl ow NHS 300 1.50 1 01 1.50 1.01

07

Acticide CHR O
Samples were prepared by diluting 0.1 g in 10 mls of eluent and filtering through a

0.45 micron PVDF membrane.

5  Injection Volume was 100ul

Opacity (Contrast Ratio)

Opacity was measured in accordance with BS 3900-D4.
At least 90% is considered acceptable.

10 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

differences.

Gloss
15  Gloss was measured in accordance with BS EN ISO 2813, BS 3900-D5.

Wet Scrub Resistance

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’.

20 A loss of less than 6mg/cm’® removal is acceptable.

High Shear Viscosity

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
25 10,000s™.

Rotothinner viscosity (Paint)

The medium shear viscosity is measured at 25°C using a Rotothinner viscometer
(available from Sheen Instruments Ltd, Kingston-upon-Thames, Surrey, UK) fitted
30  with a standard disc rotor rotating at about 562rpm which is equivalent to a shear rate

of ca250 s,

Particle Size of Extenders
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0.24 0.07 0.24 0.07 Disponil A1580 0.50 1.60 0.50 1.60 Dispelair CF823 0.23
0.60 0.23 0.60 Orotan731 A 1.00 0.65 1.00 0.65 Bl anose 7M 31C 0.50 1. 32

0. 50 1.32wOexrarncke2. 00 0 2. 00 0 Water 33.53 0 33.53 0 TiPoXiE®Reo1TBSRA96. 50
6.77 6.50 6.77 Socal P3 12.5 19.43 12.5 19.43 Steabright 8.50 12.83 8.50

12. 83 . . : L .
Particle size of the extenders was measured using a Mastersizer in accordance with

ISO 13323 part 1&2.

Method for determining dispersant demand

5  The basis of the test is to gradually add dispersant to an aqueous dispersion of the
inorganic opacifying pigment and non-opacifying extender particles whilst measuring
viscosity until a minimum viscosity is reached. The amount of dispersant added to
achieve this viscosity expressed as wt% non-vol dispersant calculated on the weight
of the particles is the dispersant demand. The amounts of the ingredients used are

10 taken from the weight% formulation.

The following method was used to determine the dispersant demand:

1. To a 500 cm’ lacquered metal can arranged to be stirred with a high speed stirrer

15  (HSD) fitted with a 40 to 50 mm blade add approximately 150g of water. The exact
amount of water will depend on the formulation.

2. Add about 50 to 65wt% of the expected final amount of candidate dispersant- this
may require a first titration to make an initial estimate of the dispersant demand in
order to make a more accurate second determination.

20 3. Whilst stirring at about 200 rpm, add all of the ingredients other than opacifying
pigments, non-opacifying extender particles, thickener, biocide and the binder, to the
mixture in step 2. Stir for a further 2 minutes.

4. Add the non-opacifying extender particles and the non-polymeric opacifying
pigment other than any coloured opacifying pigment. Increase the stirring during the

25  addition to about 2500rpm or as required to maintain a vortex in the can. The solids of
the mixture at this stage should be about 70wt%.

5. Measure the viscosity using a Rotothinner viscometer fitted with a ball rotor
rotating at 562rpm. For convenience, the viscosity at this stage should be
approximately 6.0 to 7.0 Pa.s. Some trial and error may be necessary to achieve this.

30  If it is so high that it cannot be stirred, additional dispersant and/or water may be
added. For some extender combinations the viscosity might be too high or low, in
which case, start from step 1, this time using either more or less water as required.

6. Add more dispersant to the mixture and mix in using the HSD.
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China Cay Suprene 5.50 8.88 5.50 8.88 M crodol H600 8.50 12.97 8.50 12.97
M crodol H200 8.50 12.74 8.50 12.74 Ropaque (Tm Utra E 4.00 8.49 4.00
8.49 Lat ewOR0oB/B®012. 63 Latex 3 6.50 12. 63 Total 10@COEP20A/0869100. 00
100. 00 WO 2011/134907PCT/ EP2011/ 056491 Wet scrubs wei ght | oss (ng/cnR)
: : ' : .49. PVC (9 .. : .

3.6 80 ?elggpletaty ste(pks a|?1)d 6 l}ntﬁ %he \;lisco%ity cl%n ¢, on further addition of dispersant, is

small compared to earlier additions.

8. The dispersant demand is estimated by plotting a graph of viscosity vs added

dispersant expressed as wt% dispersant calculated on the sum of the weight of the

5  opacifying pigment particles.and the weight of the non-opacifying extender particles.
The minimum amount of non-vol. dispersant to achieve the minimum viscosity is

taken as the dispersant demand.

The candidate dispersant should be used at as high a non-vol content as possible to

10 avoid viscosity drops as a result of simple dilution.

The Rotothinner viscometer (Ref. 455N/15) is available from Sheen Instruments, 2,

Gatton Park Business Centre, Wells Place, Redhill, Surrey, RH1 3LG

15 By way of example, the dispersant demand (for Orotan 731) of example 1 was

determined as follows:

1. To a 500 cm’ lacquered metal can arranged to be stirred with a high speed disperser
(HSD) fitted with a 40 to 50 mm blade add 128g of water.
20 2. To this was added 5.3g of Orotan 731 as supplied at 25% active.
3. Then Texanol (17.7g), Disponil A1580 (4.42g) and Dispelair CF823 (1.15g) was
added to the mixture in step 2 and stirred for 2minutes at 200rpm.
4. Whilst stirring slowly a pre-mixed blend of Microdol H600 (75.2g), Socal P3
(110.57g), China Clay Supreme (48.65g), Steabright (75.2g), Microdol H200 (75.2g)
25  and Tioxide TR92 (57.5g) was added. The stirrer speed was increased during the
addition to 2500rpm and maintained for 5 minutes.
5. The Rotothinner viscosity was measured as 6.5 Pa.s
6. Then an extra 0.87g of Orotan 731 (at 25% active) was added and the mixture was
dispersed at 2500rpm for another 2 minutes and the Rotothinner viscosity was
30  measured as 5.4 Pa.s.
7. This was repeated until the viscosity of 2.2 Pa.s was reached. As can be seen from
the plot in Figure 1, dispersant was added past this minimum viscosity point in order

to estimate the dispersant demand.

20



82.12 82.12 vol%solids 35.55 35.55 Sum non-opacifying particles (% of
dry vol) 66.86 66.86 Exanple 5 and E 5 Effect of using a dispersant
produci ngwve 2diigpergant demand of <0.45wt % Exanple 5 E PerfErewiets@ont i ng)
Vol % (dry coati ng) wt (% of wet coating) vol/0 (dry coating) Aquafl ow NHS
300 0.50 34 0 0 34 Act | CHR 0107 O. 7 24 .0. 07 Di sponi |
A1380° 0. 5BOROWID Ho® 10T @@afﬁlﬁpe@#@ﬁawéed@r@gcwh%wn&@oot an731 A

viscosity. The dispersant demand was 0.50wt%.

wt% wt/g

5  Water 21.25 128.00
Texanol 2.94 17.70
Orotan 731 1.45 8.76
Disponil A1580 0.73 4.42
Dispelair CF823 0.19 1.15

10 Microdol H600 12.48 75.20
Socal P3 18.37 110.57
China Clay Supreme 8.08 48.65
Steabright 12.48 75.20
Microdol H200 12.48 75.20

15  Tioxide TR92 9.55 57.50

Note that, other than the water, the ingredients are in the correct ratio relative to each

other. The reduced water content allows the viscosity minimum to be detected.

Figure 1 shows a plot of viscosity against added non vol. dispersant for various

20  dispersants.

Line A represents the plot for Dispex N40 (Dispersant demand 0.12wt%)
Line B represents the plot for potassium tripolyphosphate
Line C represents the plot for Orotan 731 (Dispersant demand 0.50wt%)
25  Line D represents the plot for Strodex PK-80A
Line E represents the plot for Orotan 681 (Dispersant demand 1.50wt%)
Line F represents the plot for Nuosperse FA-196 Of these, only Orotan 681 and
Orotan 731 are suitable for use in the present invention as these are the only two of
molecular weight greater than Mw.3500 Daltons and of dispersant demand greater

30  than 0.35wt%.

Examples

The invention will now be illustrated by the following examples.
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1.00 0.66 Di spex N0  0.20 0.23 Blanose 7M 31C 0.50 1.33 0.50 1.33

Texanol 2.00 0 2.00 O Water (Mains) 34.51 0 35.31 O Tioxide TR92 6.50 6.81
6. 50 6. 84w6Baorl/13®712. 50 19.55 12.50 19. 64 Steabright 8PEU/EP2019H5&950 12. 97
China Cay Suprene 5.50 8.93 5.50 8.97 M crodol H600 8.50 13.05 8.50 13.11

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.

5  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,
Disponil, Acticide and half the amount of Dispelair. Place vessel under High Speed

10  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 thickener. Over
Sminutes slowly increase the speed as the paint thickens. Unit should be running at
approximately 2500 r.p.m. (depending on volume), but without splashing. Stir for a

15 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 (2) and run for a
further 2minutes and then switch off the stirrer.

20  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

Load Latex 1 into a suitably sized vessel and place under a stirrer fitted with a paddle
25  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

to avoid splashing.

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

Examples 1 and A
Examples 1 and A are essentially identical other than for the difference in PVC

Comparative example A, at PVC 86, fails the wet scrub test.
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M crodol H200 8.50 12.82 8.50 12.88 Ropaque (Tnm) Utra E 4.00 8.55 4.00
8.58 Latex 1 6.50 12.71 6.50 12.76 Total 100.00 100.00 100.00 100.00
Wet  scrubsoweilgissooross (ng/cnk) 4.6 9.0 Contrast Rati @CTEP2019/05€31 3
Density (kg/L) 1.49 1.49 PVC (%9 82.63 82.99 vol%solids 35.31

Example 1 A

wt% (wet vol% (dry wt (% of wet vol% (dry

coating) coating) coating) coating)
Aquaflow NHS 300 1.50 1.01 1.50 1.06
Acticide CHR 0107 0.24 0.07 0.24 0.08
Disponil A1580 0.50 1.60 0.5 1.68
Dispelair CF823 0.23 0.60 0.23 0.63
Orotan731 A 1.00 0.65 1.00 0.69
Blanose 7M 31C 0.50 1.32 0.50 1.39
Texanol 2.00 0 2.00 0
Water (Mains) 33.53 0 36.06 0
Tioxide TR92 6.50 6.77 6.50 7.12
Socal P3 12.50 19.43 12.50 20.44
Steabright 8.50 12.83 8.50 13.50
China Clay Supreme 5.50 8.88 5.50 9.34
Microdol H600 8.50 12.97 8.50 13.64
Microdol H200 8.50 12.74 8.50 13.40
Ropaque (Tm) Ultra E 4.00 8.49 4.00 8.93
Latex 1 6.50 12.63 3.97 8.1
Total 100.00 100.00 100.00 100.00
Wet scrubs weight loss
(mg/cm’) 5.8 16.5
Density (kg/L) 1.49 1.49
PVC (%) 82.12 86.37
vol% solids 35.55 33.77
Sum non-opacifying
particles (% of dry vol) 66.86 70.31

The Tg of the polymer binder in the presence of the coalescing solvent is calculated

5  using equation 1 as previously discussed

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

The Tg of Texanol is -84°C

10 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 0.15 and 0.85 respectively. So the Tg
of the polymer in the presence of the Texanol is -9.5°C.

15
Examples 2 and B
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35. 12 Sum non-opacifying particles (% of dry vol) 67.27 67.56 Di spersant
demand for Conparative exanple Eis <0.45wt% WO

2011/ 134900RaT/BRD011/ 056491 Exanpl es 6 and F Effect of PaomPbugiosésoe

coal escing solvent. 5 Exanple 6 F w % (wet coating) Vol/0 (dry coating) wt

% of t ti /0, (d t] f N 00 1.5 .Q1 1.50 0.97
hot i ci do. BHRCOTOTGIRY HRcY ool hipThe B (P AAG B DD MRl 50 1. 53
D1 spel ai 1 CERRaA0c 2rb16B, B PBiofinG el PLASTAL Ak A9 vt Gl Q0.

Example 2 B
wt% (wet vol% (dry wt (% of wet vol% (dry
coating) coating) coating) coating)
Aquaflow NHS 300 1.50 1.02 0.50 0.36
Acticide CHR 0107 0.24 0.07 0.25 0.08
Disponil A1580 0.50 1.62 0.50 1.70
Dispelair CF823 0.25 0.66 0.25 0.69
Orotan731 A 1.00 0.66 1.50 1.04
Blanose 7TM 31C 0.70 1.87 0.50 1.40
Texanol 2.00 0 1.00 0
Water (Mains) 33.65 0 38.13 0
Tioxide TR92 7.50 7.91 5.97 6.61
Socal P3 12.61 19.84 5.76 9.51
Steabright 8.44 12.89 11.37 18.24
China Clay Supreme 5.53 9.03 16.63 28.52
Microdol H600 0 0 0
Microdol H200 16.88 25.61 10.5 16.72
Ropaque (Tm) Ultra E 4.00 8.60 2.08 4.69
Latex 1 5.20 10.22 5.06 10.45
Total 100.00 100.00 100.00 100.00
Wet scrubs weight loss
(mg/cm?) 5.2 17.94
Contrast Ratio 93.3 94.18
Density (kg/L) 1.5 1.5
PVC (%) 83.9 84.3
vol% solids 35.6 33.4
Sum non-opacifying
particles (% of dry vol) 67.4 73.0
5
Examples 3 and C
Examples 3 and C are identical except that the Tg of the latex in the two examples is
different. Comparative example C, using a latex of Tg -10°C, fails the wet scrubs test.
10
Example 3 Cc
wt% (wet vol% (dry wt (% of wet vol% (dry
coating) coating) coating) coating)
Aquaflow NHS 300 1.50 1.01 1.50 1.01
Acticide CHR 0107 0.24 0.07 0.24 0.07
Disponil A1580 0.50 1.60 0.50 1.60
Dispelair CF823 0.23 0.60 0.23 0.60
Orotan731 A 1.00 0.65 1.00 0.65
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0. 63 Bl anose 7M 31C 0.50 1.32 0.50 1.27 Texanol 1.00 O O O Tegmer 804
1.00 4.10 Water 34.51 0 34.51 O Tioxide TR92 6.50 6.77 6.50 6.49 Socal P3
12. 50 19.w%0200/8®018. 62 Steabright 8.50 12.83 8.50 12. 3@CThPa@ 1105@&y1 Supr ene

5.50 8.87 5.50 8.51 Mcrodol H600 8.50 12.97 8.50 12.43 M crodol H200 8.50
12. 73
Blanose 7M 31C 0.50 1.32 0.50 1.32
Texanol 2.00 0 2.00 0
Water 33.53 0 33.53 0
Tioxide TR92 6.50 6.77 6.50 6.77
Socal P3 12.50 1943 12.50 1943
Steabright 8.50 12.83 8.50 12.83
China Clay Supreme 5.50 8.88 5.50 8.88
Microdol H600 8.50 12.97 8.50 12.97
Microdol H200 8.50 12.74 8.50 12.74
Ropaque (Tm) Ultra E 4.00 8.49 4.00 8.49
Latex 1 6.50 12.63 0 0
Latex 2 0 0 6.5 12.63
Total 100.00 100.00 100.00 100.00
Wet scrubs weight loss
(mg/cm?) 4.9 7.4
Density (kg/L) 1.49 1.49
PVC (%) 82.12 82.12
vol% solids 35.55 35.55
Sum non-opacifying
particles (% of dry vol) 66.86 66.86
Examples 4 and D
Effect of latex acid value.
Comparative example D, using latex 3 of AV 11mg KOH/g polymer, fails the wet
scrubs test.
Example 4 D
wt% (wet vol% (dry wt (% of wet vol% (dry
coating) coating) coating) coating)
Aquaflow NHS 300 1.50 1.01 1.50 1.01
Acticide CHR 0107 0.24 0.07 0.24 0.07
Disponil A1580 0.50 1.60 0.50 1.60
Dispelair CF823 0.23 0.60 0.23 0.60
Orotan731 A 1.00 0.65 1.00 0.65
Blanose 7M 31C 0.50 1.32 0.50 1.32
Texanol 2.00 0 2.00 0
Water 33.53 0 33.53 0
Tioxide TR92 6.50 6.77 6.50 6.77
Socal P3 12.5 19.43 12.5 19.43
Steabright 8.50 12.83 8.50 12.83
China Clay Supreme 5.50 8.88 5.50 8.88
Microdol H600 8.50 12.97 8.50 12.97
Microdol H200 8.50 12.74 8.50 12.74
Ropaque (Tm) Ultra E 4.00 8.49 4.00 8.49
Latex 1 6.50 12.63
Latex 3 6.50 12.63
Total 100.00 100.00 100.00 100.00
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8.50 12.21 Ropaque (Tm Utra E 4.00 8.49 4.00 8.14 Latex 1 6.50 12.62 6.50
12. 11 Total 100.00 100.00 100.00 100.00 Wet scrubs wei ght | oss

(rmg/ cnR) wWo.2811/18&%00 Density (kg/L) 1.49 1.49 PVC (% P8BZ/HEPR011/H86491L vol %
solids 35.60 37.14 Sum non-opacifying particles (% of dry vol) 66.82
64.08 Exanple 7

Wet scrubs weight loss

(mg/cm’) 3.6 8.0

Density (kg/L) 1.49 1.49
PVC (%) 82.12 82.12
vol% solids 35.55 35.55

Sum non-opacifying
particles (% of dry
vol) 66.86 66.86

Example S and E
5  Effect of using a dispersant producing a dispersant demand of <0.45wt%.

Example 5 E

wt% (wet Vol% (dry wt (% of wet vol% (dry

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 1.61 0.50 1.62
Dispelair CF823 0.25 0.65 0.25 0.66
Orotan731 A 1.00 0.66
Dispex N40 0.20 0.23
Blanose 7M 31C 0.50 1.33 0.50 1.33
Texanol 2.00 0 2.00 0
Water (Mains) 34.51 0 35.31 0
Tioxide TR92 6.50 6.81 6.50 6.84
Socal P3 12.50 19.55 12.50 19.64
Steabright 8.50 12.91 8.50 12.97
China Clay Supreme 5.50 8.93 5.50 8.97
Microdol H600 8.50 13.05 8.50 13.11
Microdol H200 8.50 12.82 8.50 12.88
Ropaque (Tm) Ultra E 4.00 8.55 4.00 8.58
Latex 1 6.50 12.71 6.50 12.76
Total 100.00 100.00 100.00 100.00
Wet scrubs weight
loss (mg/cm?) 4.6 9.0
Contrast Ratio 93.19 93.3
Density (kg/L) 1.49 1.49
PVC (%) 82.63 82.99
vol% solids 35.31 35.12
Sum non-opacifying
particles (% of dry vol) 67.27 67.56

Dispersant demand for Comparative example E is <0.45wt%.
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10A coating free of hollow polyneric particles w (% of wet coating) vol/0
(dry coating) Aquaflow NHS 300 1.48 1.10 Acticide CHR 0107 0.24 0.08

Di sponi | w0380/B34%0 1. 77 Dispelair CF823 0.23 0.66 O ot 20T3P21105601 0. 72

Bl anose 7M 31C 0.49 1.43 Texanol 2.00 0 Water (Mains) 38.43 0 Tioxide TRO2
6.54 7.54 Socal P3 12.32 21.21 China Cay Suprene 5.55 9.93 M crodol H200
16.43 27.27 Owacoat 850 OG 8.22 14.14 0 Ropaque (Tn) Utra E

Examples 6 and F

Effect of non-fugitive coalescing solvent.

5
Example 6 F
wt% (wet Vol% (dry wt (% of wet vol% (dry
coating) coating) coating) coating)
Aquaflow NHS 300 1.50 1.01 1.50 0.97
Acticide CHR 0107 0.24 0.07 0.24 0.07
Disponil A1580 0.50 1.60 0.50 1.53
Dispelair CF823 0.25 0.65 0.25 0.62
Orotan731 A 1.00 0.65 1.00 0.63
Blanose 7M 31C 0.50 1.32 0.50 1.27
Texanol 1.00 0 0 0
Tegmer 804 1.00 4.10
Water 34.51 0 34.51 0
Tioxide TR92 6.50 6.77 6.50 6.49
Socal P3 12.50 19.42 12.50 18.62
Steabright 8.50 12.83 8.50 12.30
China Clay Supreme 5.50 8.87 5.50 8.51
Microdol H600 8.50 12.97 8.50 12.43
Microdol H200 8.50 12.73 8.50 12.21
Ropaque (Tm) Ultra E 4.00 8.49 4.00 8.14
Latex 1 6.50 12.62 6.50 12.11
Total 100.00 100.00 100.00 100.00
Wet scrubs weight loss
(mg/cm’) 4.3 18.0
Density (kg/L) 1.49 1.49
PVC (%) 82.08 78.71
vol% solids 35.60 37.14
Sum non-opacifying
particles (% of dry vol) 66.82 64.08
Example 7

10 A coating free of hollow polymeric particles

wt (% of wet | vol% (dry
coating) coating)
Aquaflow NHS 300 1.48 1.10
Acticide CHR 0107 0.24 0.08
Disponil A1580 0.50 1.77
Dispelair CF823 0.23 0.66
Orotan731 A 1.00 0.72
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0 935-1052 std 6.57 14.14 Total 100.00 100.00 Wet scrubs wei ght | oss
(mg/cn2) 4.0 Contrast Ratio 93.05 Density (kg/L) 1.48 PVC (% 80.10
vol % sol iwe 20811379%7Sum non- opaci fyi ng particles (% of dPZTHEPR)11/0363953
Standards (i) and (ii) Standards (i) and (ii) show that at PVC<78% any

di sper sant rra%/ be used W|thout Sconpromi siing the wet scrubs. Dispex N4O,
used in :P?%M?Mdm(q I)—does - Hotslat | 'l+43" the di spersant denmand criterion of
<0. 35wt % B8 t he coating pa¥es the me crubs test. Standard(i)(ii) wt%
(wet vol % W&W(/(\Mamﬁ)% of wet \/éﬁfm (dry PQ\RT i ng) coati ng) coating)coati ng)

Aquaf | ow RierideatR921_50 0 97 @350 0. 9772%tidi de CHR 0107 0.24 0.07 0.24 0. 07

Di sponi | | Ax8d8 0. 50 12.32 21.21
China Clay Supreme 5.55 9.93
Microdol H200 16.43 27.27
Omyacoat 850 OG 8.22 14.14
Ropaque (Tm) Ultra E 0 0
935-1052 std 6.57 14.14
Total 100.00 100.00
Wet scrubs weight loss
(mg/cm?) 4.0
Contrast Ratio 93.05
Density (kg/L) 1.48
PVC (%) 80.10
vol% solids 31.77
Sum non-opacifying
particles (% of dry vol) 72.53
Standards (i) and (ii)

Standards (1) and (ii) show that at PVC<78% any dispersant may be used without
5  compromising the wet scrubs. Dispex N40, used in standard (ii), does not satisfy the

dispersant demand criterion of <0.35wt%, but the coating passes the wet scrubs test.

Standard (i) (ii)

wt% (wet vol% (dry wt (% of wet vol% (dry

coating) coating) coating) coating)
Aquaflow NHS 300 1.50 0.97 1.50 0.97
Acticide CHR 0107 0.24 0.07 0.24 0.07
Disponil A1580 0.50 1.54 0.50 1.54
Dispelair CF823 0.25 0.62 0.25 0.63
Orotan 731 A 1.00 0.63
Dispex N40 0.25 0.28
Blanose 7M 31C 0.70 1.78 0.70 1.78
Texanol 2.00 0 2.00 0
Water 31.41 0 32.16 0
Tioxide TR92 8.00 8.01 8.00 8.03
Socal P3 11.5 17.18 11.5 17.24
Steabright 8.00 11.60 8.00 11.65
China Clay Supreme 5.00 7.76 5.00 7.78
Microdol H200 15.6 22.47 15.6 22.55
Ropaque (Tm) Ultra E 4.00 8.16 4.00 8.19
Latex 1 10.3 19.23 10.3 19.30
Total 100.00 100.00 100.00 100.00
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1.54 0.50 1.54 Dispelair CF823 0.25 0.62 0.25 0.63 Orotan 731 A 1.00 0.63
D spex N0 0.25 0.28 Blanose 7M31C 0.70 1.78 0.70 1.78 Texanol 2.00 O
2.00 0 Vawer20811349070 32.16 O Tioxi de TR92 8.00 8.01 8. 0®0C/EP301306601 P3 11.5
17.18 11.5 17.24 Steabright 8.00 11.60 8.00 11.65 China O ay Suprene

Wet scrubs weight loss

(mg/cm?) 1.7 1.7
Contrast Ratio 91.14 91.63
Density (kg/L) 1.47 1.47
PVC (%) 7517 75.44
vol% solids 36.57 36.40
Sum non-opacifying

particles (% of dry vol) 59.00 59.21

29



5.00 7.76 5.00 7.78 M crodol H200 15.6 22.47 15.6 22.55 Ropaque (Tm Utra
E 4.00 8.16 4.00 8.19 Latex 1 10.3 19.23 10.3 19.30 Total 100.00 100.00
100. 00 1080Q011/13¥¥7 scrubs weight loss (ng/cnR) 1.7 1PCT@EPRMIMASE49IRAti O
91.14 91.63 Density (kg/L) 1.47 1.47 PVC (% 75.17 75.44 vol % solids

36. 57 Claims

1. An aqueous coating composition having a PVC of from 78 to 85% comprising,
based on the total volume solids of the dry coating unless otherwise stated,

5  a)opacifying pigment particles comprising
1) from 3 to 10% titanium dioxide

ii) from 0 to 20% of hollow polymeric particles

b) non-opacifying extender particles comprising
10 1) calcium magnesium carbonate and/or

i1) calcium carbonate and/or

ii1) nepheline syenite and/or

iv) kaolin

wherein 1)+ii)+iii)+iv) = 40 to 80% and iv) is 0 to 20%

15
¢) polymer binder particles of calculated Fox Tg of from 5 to 25°C having an acid
value of from 15 to 65mg KOH/g of polymer and wherein the polymer particles are
derived from acrylic monomers and optionally further comprising styrene and/or its
derivatives

20

d) dispersant having a weight average molecular weight of at least 3500 Daltons and
selected on the basis that the dispersant demand of a mixture of the opacifying
pigment particles, other than the hollow polymeric particles, of a), and the extender
particles of b) is greater than 0.35wt%, calculated on the weight of the titanium

25  dioxide and extender particles

¢) fugitive coalescing solvent

wherein the composition is free of non-fugitive coalescing solvent.
30 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.
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36. 40 Sum non-opacifying particles (% of dry vol) 59.00 59.21 dains 1.
An agueous coating conposition having a PVC of from 78 to 85% conpri si ng,
based on wbeotiatsado7vol une solids of the dry coating unl @s3/EpRéI@/059449E
stated, 5a) opacifying pignment particles conprising i) from3 to 10%
titaniumdioxide ii) fromO to,20% of . hol | ow. pal yner.ic partjcles b)

non- opaci ; y‘fg (G OO TR AFOETag t e Tor ﬁ@ﬂﬁg herein i Qg Resi um

car bonat e, aRfdhQrard Whitgal ci um carbonate and/or iii) nepheline syenite and/or
iv) kaolin wherein i)+ii)+iii)+iv) = 40 to 80%and iv) is 0 to 20% 15 «c)
pol ymer binder particles of calculated Fox Tg of from5 to 25C havi ng an

acid valu f from15 to. 65 KOH g of pol.yner .and .wherei.n the pol yner

Par L1 o1 es /b SO LT PaR A OTE LS HORD AR g O oy e Dl
conpr i $i NgreSkMERA Eroa@afiun aigxi@@rah&ﬁbmwgol erid)paflickRer sant having a wei ght
average nol ecul ar wei ght of at |east 350 | tons and sel ected on the basis

that the dispersant demand of a m xture of the opacifying pignent
particles t t J I i i . . t he

Ext ender - parepaines ot 8 e B TB & BERBUE S wRsndhE, he e gnt
of the ti palgimeric BoUdwxplttecsaudeheixt eidefannars beles e) fugitive coal escing
sol vent wherein the conposition is free of non-fugitive coal escing sol vent.
30 2. A coating conposition according to claim1 wherein any difference
bet wegn t ??A%Sét”%l composiand aE&?iﬁﬁg% Qﬁy e Ak tvious R \”Rer@fnttﬂe ot he_r

non- opaci fyi ng extender particles. 3. A coating conposition according to
cl ai m 1 oextchdeir puiiclek ereeictecteddraop dei dryumepnpisgne of salane ndunesum 4. A
coating conposition. according to ¢laim3 wherein the white opacifying

i grent's SHPUTAE B PR nEBITTRIR PG 498 KW hol | ow pol yrrer i ¢
particles. 5. A coating conposition according to any one of the previous
clains wherein the polyneric hollow spheres conprise |ess than 10% by vol.
10 6. A coahicngingoepypositicnacaediog ¢ elgint 6 veeyein fremo?0 tohdYpotthc tefsl cl ai s
wherein the extender. particles are selected fr th .consi sting of
cal ci lim migHESIaN TS Be A @ ilaserute Sbaiu et sl ne igBY L & and

kaol i n. 7. A coating conposition according to claim6 wherein from 20
to 50% of the total 15volune solids of the dry coating conprises extender
parti cl es8oh caBmec@myositigngccording fo gmaeriey thwopisviors Flemmuwbgewithyy t o any one
of the preyi l,al I (o] r has a cal cul ated Fox Tg
of fron168¥88%§E@dgggg?W%Eé%g%ﬂﬁgeggﬁgﬁgﬁpﬁg%qggcording to any one of the
previ ous clains wherein the polynmer binder is derived fromstyrene, butyl
acrylate and acrylic acid. 10. A coating conposition according to any one
of t h&) pr i GOYIHE MPeSiRB ResHding o pRRIEofdbmpcYigBs Clefieim 5 t o 20% of t he

dried i ) ) i Pt i 2 f th
ried coahag B8 ol iRRA A8 ORPASIHLRNASPA ShlGakacRRY e Of Lhe

precedi ng c ein the acid valu e po er 1s froml15 to
60mg KOH g of pol yner. 12. A coating conposition according to any one of
the prece

ing clains wherein the 30 acid c onent canprises acrylic acid
o € e 2 et CRmPAS s diag B viate & Dhreriops SR ES AR 15 %
coating CQHH&&&%&QQe@ﬁG&EQb@@?@QHﬁQHﬁaméxﬁhgthe precedi ng cl ai ne wherein
t he di spersant demand is estimated by the follow ng nethod or its

equi vt ent; i) gradually adding dispersant to an aqueous dispersion of the
non- pol y i ¢ opacifying.pigment. and extender particles and nonitoring the
U ecoai Ly biK eREAESoIPPRIEh AR AP E R WS B e R RE ST 1y )
i denti fyi pgd VhiRe afieHolyherdisiee isSfsth 13d6l60mp K @8RG golgndF Ni mum vi scosi ty
as the dispersant demand. 5 14. A coating conposition according to any one

of the preceding clains containing up to 4wt % of coal esci ng sol vent based

on the |igui | ati i o) bt i to any
one of 1 o e SoRTEoAbbafn scoohfne £ RAHDRERIRATY D-BSARHILAR o The
cal cub@t edciFoxmponcat cémpriges byytic adid adéor inetHac@iic 23id ahd/or 8ic adié. A coating
conposition accor%jng to any one of the preceding clains and further

cont ai ni ng¥e Bunhypiddcent s.

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

dispersant demand is estimated by the following method or its equivalent; 1) gradually
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15 17. A coating conposition according to any one of the previous clains
and having a col our when dry satisfying the criteria of C- < Ccritical and
20 Y > niwoR0B53ween cal cul ated using mand Ccritical a®corEpRog/os@9t he
tabl e bel ow Hue angle h* mCcriticai 0 0.098 39.063 10 0.063 42.739 20
0. 231 40. 1%10 38 0.399 37.522 40..0.498 37.444 50 0.579 38.Q00 60 0, 655
39.500 702¢HBsRASHHE PoedycoeHinerogrof thegoprpglymes apraiipePENsHs 47. 136

110 0. 740axf@e>§é§1e11§8ﬁ91e§§&1 monitoring the viscosity of the resulting mixture to

determine the minimum viscosity i1) identifying the amount of dispersant added to

reach the minimum viscosity as the dispersant demand.

14. A coating composition according to any one of the preceding claims containing up

to 4wt% of coalescing solvent based on the liquid formulation.

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

-80°C.

16. A coating composition according to any one of the preceding claims and further
containing colour pigments.

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

colour when dry satisfying the criteria of

C* < Ccritical and

20 Y>mC*+35

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
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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.WOQo23497021 38. 333 230 -0.007 40. 000 240 -0. P¢T/ERR013/0464260
-0.083 38.600 260 -0.125 36.886 270 -0.167 35.171 280 -0.152 34.640

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
240 -0.041 40.314
250 -0.083 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

18. A coating composition according to claim 17 having a C* value of less than 5 and

a Y value greater that 85.

33



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 18. A
coati ng cwoposit3ikmn according to claim 17 having a C- vacugprediilossst t han 5
and a Y value greater that 85. 19. A coating conposition according to any

one of the preceding clains and having a sheen of |ess than 15% when
measur ed i?- %S?atmg(?.omﬂoﬁﬂ%éﬁfoé(im%%%qydﬁl%g the preeqdingrlaigyand hayidg gavi ng a

surface W, ar QRIS i15000ha@SmeastlalifA®g i n any one of the preceding clains
i ncluding the steps of applying at | east one liquid |layer of the coating by

brush, roller, pad or spray; allowing or causing the layer to dry and/or
har den. 21.. An article or. structure havin surface coated with a
conposi ti 0% %gleg?éﬁ %‘Z@aatﬂ% afcﬂi{\?)e ShETHSUTE PAY T a%m?f%cel‘@l.th a composition as

5  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.

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

10 any one of claims 1 to 19.

34



