Pl GVENT DI SPERSANT CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application is a continuation-in-part of U S. Application Serial No.

12/ 023, 4280f2009a872banuary 3 1, 2008, entitled "Coati ng Spsrarsediodiset i ng

Cool Dark Color", which clains the benefit of U 'S. Provisional Patent
Application Serial No. 60/899,608 filed February 5, 2007, entitled "Coating
System Exhi biting Cool Dark Color", both of which are hereby incorporated
by reference in their entireties. This application also clains the benefit
of United States Provisional Patent plications Serial No. 61/026, 267,
filed February 5, 2008, and SERIGMENDHDISREBSANI41 | filed February 19,

2008, which are incorporated by reference herein in their entireties. FIELD

OF THE | NVENTI ON [ 00@ZROSEBREFERENCE T RELAOED APPLESATIONS gnent
di spersions contai ning pignents and a pi gment dispersant prepared by the

control | ed[90lcal pHYyaBRlicRteN iSra eantinuatie-intraske” Wi Appliiatan Sprial
ol yrer i za|ce 1510314681l Jahu P WoREeS bl oSO REer ExhfinRIGSANCE Of

(ii) a polymeric Thitiator ing at 1east one y transferabl e
group. The Dack Gotor’i, whichi ddisisdhe benefis of WeS.FubyigenaldiPdiertidmpticattgnent of t he

P he pac oRgacRs eq & eddlen FebuaMpRCHR SRR BRRT R e R, oy o™
Pi glmagf ﬁd Coat Daqa@ojuﬁpBOtglrog)m!caLaee hsilzcﬂ)ynmr:oapwatw hyarefezerycenh tla@pl |ec?'£)| ggzt .
i the aut shieres TR ApecibR HsRhAE s BaheR ) D Slter PiealBralne °°

D 2 ot WWMdesﬁgf'tNm®1 R N oy

ool vent 5 wetfo2hiaddr B33 FePERL 34 Adb¥GhbichRs kot raRtrEe R " o

typically [ gericprdis.

FIELD OF THE INVENTION
[0002] The present invention relates to pigment dispersions containing
pigments and a pigment dispersant prepared by the controlled radical
polymerization of (i) at least one radically polymerizable ethylenically
unsaturated first monomer in the presence of (ii) a polymeric initiator having at
least one radically transferable group. The polymeric initiator forms the
polymeric backbone segment of the pigment dispersant, and the first monomer
forms polymeric segments pendent to the backbone of the dispersant.

BACKGROUND OF THE INVENTION
[0003] Pigmented coating compositions are used in a wide variety of
applications including, for example, corrosion resistant primers and decorative
topcoats in the automotive, aerospace, industrial and appliance markets. The
preparation of pigmented coating compositions generally involves mixing binder
resin(s), crosslinker(s), additives, e.g., flow additives and solvents with a
compatible pigment dispersion. Pigment dispersions are typically prepared by
mixing dry pigment with a pigment dispersant in the presence of a carrier
medium, e.g., an organic carrier medium or water. Paint compositions typically
include colorant particles dispersed in a resinous binder. The paint composition

may further include reflective pigments such as aluminum flake or mica or other
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m xing dry pignent with a pignment dispersant in the presence of a carrier
medium e.g., an organic carrier nediumor water. Paint conpositions

t ypi cal | ywonedumde208o0l orant particles dispersed in a resiPaosS29/08527 The
pai nt conposition may further include reflective pignents such as al um num
fl ake or mca or othercolor effect pignment conpositions or substrate-hiding
materials such as titaniumdioxide or zinc oxide or |ead oxide. The pignent
particles used in conventional paints are typically on the order of one
mcron in size. Particles of this size absorb light at certain wavel engt hs
and scat t eicolor gliectigroem €ompasitipesn gt $idstrate-kidiparmatarialaisyel ps tieniuahd parti al
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[0004] Dry pignments are aval e co e formo aggl oner at ed
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pi gment di d e
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shal | er agghdiababdogstianatidpartiaidicattelirg crpaties iacdd egsadpenei@btion eféepti res the use
of energy intensi Ve m Xi ng.Jreans (commonly referred to as grinding), e.g.,
sand mil1s 550 VES W‘”S S ng the grinding process, the pignent

aggl oner at ¢80 e br digpignantsiand availabld emmagaiaipaT tieesrmantl/ or i ndi vi dual

particles, the surfaces o ich are wetted b he pi rren di spersant. The
P rent - df apapuEHed pEmu oI HidpERtAdiunylahart mi tkel G5RHE L he
carrier me@uyon elﬁltr @YSIEiIBNS BRd/br pigARatcNRYadihg @OMBBsIBERY, @Q@arét i's
desirable that t %ment di sperS| on remain substantially stable, e.qg.
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Organi ¢ and 1 norganic pi grrents general I'y are” hydrophobi c. Thus pi gnment
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of the pignment particlies. nation of “di sparate properties
down into smaller agglomerates and/or individual particles, the surfaces of which
are wetted by the pigment dispersant. The pigment dispersant suspends or
disperses the pigment particles in the carrier medium and prevents their re-
agglomeration on storage. It is desirable that the pigment dispersion remain
substantially stable, e.g., showing minimal pigment settling and viscosity change
with time, prior to its use in the preparation of a pigmented coating composition.
[0005] Organic and inorganic pigments generally are hydrophobic. Thus,
pigment dispersants used in pigment dispersions are desirably compatible with
both the carrier medium (which may be hydrophilic) and the hydrophobic
surfaces of the pigment particles. Such a combination of disparate properties
can be achieved with a pigment dispersant having distinct hydrophobic and
hydrophilic polymeric segments, i.e., having well defined polymer chain
architecture. A wide variety of radically polymerizable monomers, such as
methacrylate and acrylate monomers, are commercially available and can
provide a wide range of properties including, for example, hydrophilic and
hydrophobic properties.
[0006] The use of conventional, i.e., non-living or free, radical
polymerization methods to synthesize pigment dispersants provides little control
over molecular weight, molecular weight distribution and, in particular, polymer
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can be achieved with a pignment dispersant having distinct hydrophobic and
hydr ophilic polynmeric segnents, i.e., having well defined pol yner chain

ar chi t ectwipeoosnIniode vari ety of radically pol ynerizabl ePedAsSr@9s3158Uch as
nmet hacryl ate and acryl ate nononmers, are conmercially avail able and can
provi de a wi de range of properties including, for exanple, hydrophilic and
hydr ophobi ¢ properties. [0006] The use of conventional, i.e., non-living or
free, radical polynerization nmethods to synthesize pignent dispersants
provides little control over nolecular weight, nolecular weight
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(co) pol ymer s ar ed ATRP, which are use w de vari et
L
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di spersion conpri sing articles having an average prinmary particle

size of | e§§nﬁr¢i§1ﬁledﬁ§0|ﬁﬂbrc@mp0§|ﬁ'@”aetﬂi s PP SPHENPR Gi 385:RHONY i - bl ock
copol ynmer  layonth1(ddscAod (dofbolymers prepared by ATRP, which are useful in a wide

variety of applications including, for example, pigment dispersants.

SUMMARY OF THE INVENTION
[0008] The present invention includes a nanoparticulate dispersion
comprising pigment particles having an average primary particle size of less than
one micron; and a dispersant comprising a tri-block copolymer having (i) a first
block comprising an oxirane functional monomer reacted with a carboxylic acid;
(i) a second block comprising (meth)acrylic acid alkyl esters; and (iii) a third
block comprising (meth)acrylic acid alkyl esters, wherein said third block is
different from said second block. Also included in the present invention is
pigment dispersant comprising a tri-block copolymer having a first block
comprising a glycidyl (meth)acrylate reacted with a napthoic acid, a second block
comprising (meth)acrylic acid alkyl esters, and a third block comprising
(meth)acrylic acid alkyl esters, wherein said third block is different from said
second block.
[0009] Other than in the operating examples, or where otherwise
indicated, all numbers or expressions referring to quantities of ingredients,
reaction conditions, etc, used in the specification and claims are to be
understood as modified in all instances by the term "about".
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bl ock conprising an oxirane functional nononmer reacted with a carboxylic
acid; (ii) a second block conprising (neth)acrylic acid al kyl esters; and
(Ti1) a twordosvowk conprising (meth)acrylic acid al kyl PESIUSe&9/0845eT ei n
said third block is different fromsaid second bl ock. Al so included in the
present invention is pignment dispersant conprising a tri-block copol yner
having a first block conprising a glycidyl (nmeth)acrylate reacted with a
napt hoi ¢ acid, a second bl ock conprising (neth)acrylic acid al kyl esters,
and a third bl ock conpr|3|ngp]neth acrylic acid al kyl esters, wherein said

third block is dlffer&ﬁT‘F“— RESQRIEUOMOB THEINYENHON ot her than in the
operating | es, e YRR @Eg?\*—lﬁé%t?ﬁ ' SHeSahiGhveribh NAY AR

expressions referring §% quan s of ingredients, reactio condltlons
et c, used ichainis¢rustviee refpireseniteshdiaing follcuvlmgam@ratforrbelau,nder stood as nodifi ed
in all instances by the term "about". DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[0010] The pignment di spersant®dE)tVé)q¥eslent i ndention has a pol ymer chain
structure represented by the followi ng general formula I, F-(Qp-(Wg-(Y)s
T | wherei wherdig Q isegirdsiduefofaat leaskonenadicati ealymerizablgnethylealshky

et hyl eni Ca'uh%atHF}ﬁé’cﬁ %? ?ﬂDP\gm Camwér@dr ifUes r‘?sétdll'&?st%né"trahﬁwa o

radi cal | nmeri zab unsa ur at ed nmonomer nd Y
bei ng di ff@obrmerrrzabimabmweracmwnmsanﬁated raorirqmlerowltbb/r\lcande\élb@m different der i ved

or 1. der i Vel PEhofE” it btotonn S LPELT B il B BER G A T %
and s représ@ese chles agdicalyni@rsserabler grsupiu®ds @c daiterivigl fromathiel radicatty
[ ch i.ndi vi dual I sel ected such that the pignment

resi dues; Reapnstet: @kﬁ Sl itiafar: repEsgpt ayer 0

di sper sant "RE3" ¥ AH¥P 8 eacHB b &t zi‘r“ WRiTGHESET ASTFIRIUMEBE O 0011] In

accor dance radidest becuprigs emta ibieRNdf A3iducBeDPE d androdreleshcd individually
selected such that the pigment dispersant has a number average molecular
weight of at least 250.
[0011] In accordance with the present invention, there is provided a
pigment dispersion comprising: (a) pigment; (b) a carrier may be selected from
water, at least one organic solvent and combinations thereof; and (c) a pigment
dispersant prepared by controlled radical polymerization of at least one radically
polymerizable ethylenically unsaturated first monomer in the presence of a
polymeric initiator having at least one radically transferable group, wherein the
polymeric initiator forms a polymeric backbone segment, the first monomer forms
reactive segments pendent to the polymeric backbone segment, and at least one
other monomer forms pendent segments that may be hydrophobic or hydrophilic.
[0012] Pigment dispersions according to the present invention comprise
pigments and one or more pigment dispersants. The pigment dispersants may
be described generally as having a head and tail structure, i.e., as having a
polymeric head portion and a polymeric tail portion. The polymeric tail portion
may have a hydrophilic portion and a hydrophobic portion, particularly at the
terminus thereof. While not intending to be bound by any theory, it is believed
that the polymeric head portion of the pigment dispersant is associated with the
pigment, while the polymeric tail portion is associated with the carrier of the



pi gnent di spersion conprising: (a) pignent; (b) a carrier my be selected
fromwater, at |east one organic sol vent and conbi nations thereof; and (c)
a pi gnentwoiepe9s@nt prepared by controll ed radical pol yeES2@0i03152Df at

| east one radically polynerizable ethylenically unsaturated first nononer
in the presence of a polyneric initiator having at |east one radically
transferabl e group, wherein the polyneric initiator forns a polyneric
backbone segnent, the first nononmer forns reactive segnents pendent to the
pol ymeric backbone segnent, and at |east one other nononer forms pendent
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[0035] 1 BRvEBaRn et el Sotef ripdfe Plrsent USRS hr sant i s
prepared byyabmnadnigiaeted moadmeat inmdiymmivired single(rAdiBRly: trditgerAdiBP process
can be descrlbed eneralh§Has conprisin pol yneri zi ng. one or nore

radi cal |y gHIYRESTCHRLR HafgHIHEEE! |Cﬂmtpﬁé'9cﬂ)r'€séh%aléﬂ$t Which Mafli GRSy st em

form ng a pRAbyémible @ABx tH@E AMithM8e ItRtdroaR®E 1iI§AMY, WHich ddbréiRgteRNAgENt
i nventlon the initiation Sy stem co I‘I Ses. a rmnorrerl c initiator havi ng a

single radf[fl%‘lr@@ﬁ'ttqndﬁgﬂaé?%P@J@t oheon TRP prgeesa is deaesiped Bhurberadetaibnpound,
e a callisharch PcRRPLORERG RE, VD 35/404PS SHoLsTRsleN Mol @ vi Lh Lhe

initiator; and whi ch coordi nates wt
5,807, 937 5 63, 548 and 5,789,487.
[0014] Catalysts that may be used in the ATRP preparation of the pigment
dispersant include any transition metal compound that can participate in a redox
cycle with the initiator and the growing polymer chain. It is preferred that the
transition metal compound not form direct carbon-metal bonds with the polymer
chain. Transition metal catalysts useful in the present invention may be
represented by the following general formula I,
M™ X, Il
wherein M is the transition metal, n is the formal charge on the transition metal
having a value of from 0 to 7, and X is a counterion or covalently bonded
component. Examples of the transition metal M include, but are not limited to,
Cu, Fe, Au, Ag, Hg, Pd, Pt, Co, Mn, Ru, Mo, Nb and Zn. Examples of X include,
but are not limited to, halide, hydroxy, oxygen, C:-Cs -alkoxy, cyano, cyanato,
thiocyanato and azido. A preferred transition metal is Cu(l) and X is preferably
halide, e.g., chloride. Accordingly, a preferred class of transition metal catalysts
is the copper halides, e.g., Cu(l)Cl. It is also preferred that the transition metal
catalyst contain a small amount, e.g., 1 mole percent, of a redox conjugate, for
example, Cu(Il)Cl, when Cu(l)Cl is used. Additional catalysts useful in preparing
the pigment dispersant are described in U.S. Patent No. 5,807,937 at column 18,
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the transition netal conpound. The ATRP process is described in further
detail in International Patent Publication No. WD 98/4041 5 and U.S. Patent
Nos. 5, 80Wp28M®/09%0363, 548 and 5, 789, 487. [0014] Cat al ysPsTiusat098rs52he used
in the ATRP preparation of the pignment dispersant include any transition
metal compound that can participate in a redox cycle with the initiator and
the grow ng polyner chain. It is preferred that the transition netal
conmpound not formdirect carbon-netal bonds with the pol ymer chain.
Transition netal catalysts useful in the present invention may be

r epr esent edngs 20HBrough| 3w R§dge senapatesraraldeseiioed wThikher delaidn di-B- M i s t he

ransiti on piRdfing 8oy daieu LB 1 £ A InRIlgh Rl ANSihE @ metal having a

val ue of from 'S a cdunterion cova y bonded conponent.
Exanpl es of0Q1%} t r andpandsithaenay beused initie ATRR preparation of ihe pigaeno, Cu, Fe,

Au,  Ag, Hg’dl g{faﬁf rncﬁﬂfa,i%m’ar%zHat IM?tecHB &%’p&]ﬁ s@égm@ q%% o(?fm(% I nclude, but

are not |imyt roxy, oXygen, oxy, cyano, cyanato,
t hi ocyanat mtwgénaaxy@en mnqspbtbmsraad/dr satfurla‘toma wigtlakan soddinaje mride X i s
preferably, hal

ride. . Accor di n ferred cI ass of
P ranet 11 on MABHPT mefal ot pabATIq, 555 Aol Jornd oBOBH BMdRT o >°1 i s al so
preffarred 1(h@sekImfui;efalﬂ@ahd@tmcrwbabutcméabylﬂhltéwﬂot anhsubatiisirsl dlncf/imrmunt (e)g
1 nol e percent, .of a.redox n exa Cl 2 en Cu(l)dC
R I R et S e Pt R R Ml S
are descrl hedrbwing; Solyfaines! e. QIOetrg/,le&féanaS)ﬁﬁeaglydb@ e, dikylendgiscald, t hrough
56. Redox con&zagat es are describ in further detai in US. Patent No.

5,807, 937 &HClx8$ Gikwlene olyGoh camanipenRytfe: #ndsROMENAtng RONSFIers.pd5] Li gands
that nmay b@twérféiabqldMﬂleAamy@rr&@@rkwn%hﬁErwéi@s PASUBEY h@ﬂeﬁp@rﬁoﬁmnt i ncl ude,

but are not limte > ounds having one or nore nitro oxygen,
phosphor us thaelais, #ig terp ﬁ?@ﬁﬁcr){}\ﬁ? an¢ aimilapisrae mefeeta aerylp St ransition

metal cat alysikaGQERIUM mi&ifes of AHrASBE aPbIRENARPAs. RiprbRAEE class of
ligands are the substituted bipyridines, e.g., 4,4'-dialkyl-bipyridyls. Additional
ligands that may be used in preparing pigment dispersant are described in U.S.
Patent No. 5,807,937 at column 18, line 57 through column 21, line 43.
[0016] Classes of monomeric initiators that may be used in the ATRP
preparation of the pigment dispersant include, but are not limited to, aliphatic
compounds, cycloaliphatic compounds, aromatic compounds, polycyclic
aromatic compounds, heterocyclic compounds, sulfonyl compounds, sulfenyl
compounds, esters of carboxylic acids, nitriles, ketones, phosphonates and
mixtures thereof, each having a radically transferable group, and preferably a
single radically transferable group. The radically transferable group of the
monomeric initiator may be selected from, for example, cyano, cyanato,
thiocyanato, azido and halide groups. Preferably, the radically transferable
group of the monomeric initiator is a halide. The monomeric initiator may also be
substituted with functional groups, e.g., oxyranyl groups, such as glycidyl groups.
Additional useful initiators are described in U.S. Patent No. 5,807,937 at column
17, line 4 through column 18, line 28.
[0017] In an embodiment of the present invention, the monomeric initiator
is selected from 1-halo-2,3-epoxypropane, p-toluenesulfonyl halide, p-
toluenesulfenyl halide, Cs-Coo-alkyl ester of alpha-halo-C, -Ce-carboxylic acid,
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Cl asses of useful ligands include, but are not limted to, unsubstituted
and substituted pyridines and bipyridines; porphyrins; cryptands; crown
et hers; e~¥Q.20091B7150Wn- 6; pol yam nes, e.g., ethyl enedi arChaS2¢gpsses, e.qg.,
al kyl ene glycols, such as ethylene glycol; carbon nonoxide; and

coordi nati ng nononers, e.g., styrene, acrylonitrile and hydroxyal kyl
(nmeth)acrylates. As used herein and in the clains, the term
"(meth)acrylate" and simlar terns refer to acrylates, nethacryl ates and
m xtures of acrylates and nethacrylates. A preferred class of |ligands are
the substi bab@wtlbv”p@nzededéshal@etbyly benpzane, dialansihylpagithaleye.s. Addi ti onal
Ilgands th r S Lol ri bed in
0, &bt end ARG ge 2nd HERGIOS R B o BECS T AR BSRSF PP e
43. [0016] ahadss @f- Gamamm(yimamds includer kexyhalphasdpyornepragiedaten2t he ATRP

prepar ati o he&glgasl Hﬁ ﬁﬁ{%téaé‘%t %Bw%&ﬂlga?phé’ﬂﬁon?o[h%xi’&%te'dr@ ted to,

al i phatic Co rc co I'C CcO

pol ycyclic |cmsanyeltall|crhaemmpmprcdmndne3t As useycd:hertemdnq)teundmonsmleﬁonyﬂatcr()npounds,
sul fenyl co un e rboxylic .acid nitriles et gnes,
Shosphonat SoTaia e taEetihapdion edumenB it i asianr et er avi e
group, and pplyafeiaidsy palysstagl andrsaylicaddiyndres aasihgraditallygramsferadibe radi cal |y
transferabl e roup of the nmonomeric initiator may be selected from for
exanpl e, S:-cyanato, thiocyanato, azido and halide groups. Preferably,

the radi Ca'[d)0’18] r ansfaniad hFRE roparafior, Nke PRAMIE tispetsaht, itpd holmsanbal i de.
The nononeric initiator r%]oal so be substituted with functjonal roups,

e.g., oxyr&FIVERBARRIONS ALMOBIMENG ETIAT BRGHRN MAGHFRTBAHNC %flde'fQﬂ%

initiators gad fod8seMETATRPYS %osf’@ﬁ&ﬂhel%rf@rrﬁéﬂ 9I3e7aﬁbuﬁloéflirﬁmatél7 line 4
through colum 18, line 28. [0017] In an embodi nent of the present

i nvention, USBI® CaRb MayreYidely iand s pisally @re§@'l‘té61”@jrelaﬁﬂﬁﬁ medlum ina .
Lhal o 2, 3ceRanaIaRsniom- ahuEogelipRYs vhRiciamoR) sbenestl bagyi hal i de.

C5- C20- al kyl ester o C 2 -Co-carboxyl'i ¢ aci d, hal onet hyl benzene,
(i -hal oet M %mezr@nl@culaawm@t n&thﬂmmemld@wsant can be directly related to

the relative concentrations of initiator and monomer(s), the molar ratio of initiator
to monomer is an important factor in polymer preparation. The molar ratio of
initiator to monomer is typically within the range of 10 :1 to 0.5:1, for example,
10 :1 to 5.times.10-2 :1.
[0019] In preparing the pigment dispersant by ATRP methods, the molar
ratio of transition metal compound to initiator is typically in the range of 10* 1 to
10:1, for example, 0.1:1 to 5:1. The molar ratio of ligand to transition metal
compound is typically within the range of 0.1:1 to 100:1, for example, 0.2:1 to
10:1.
[0020] The pigment dispersant may be prepared in the absence of
solvent, i.e., by means of a bulk polymerization process. Generally, the pigment
dispersant is prepared in the presence of a solvent, typically water and/or an
organic solvent. Classes of useful organic solvents include, but are not limited
to, esters of carboxylic acids, ethers, cyclic ethers, Cs -C4o alkanes, Cs -Cg
cycloalkanes, aromatic hydrocarbon solvents, halogenated hydrocarbon
solvents, amides, nitrites, sulfoxides, sulfones and mixtures thereof.
Supercritical solvents, such as CO,, C1 -C4 alkanes and fluorocarbons, may also
be employed. A preferred class of solvents is the aromatic hydrocarbon
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hal onet hyl ant hracene and m xtures thereof. Exanples of C2 -C6-al kyl ester
of al pha-halo- C2 -C6-carboxylic acids include, hexyl

al pha- br ovopo@giomeat e, 2- et hyl hexyl al pha-bronopr opi on&Ce&/US2600t0Bsehexyl

al pha- br onohexi onat e and i cosanyl al pha-bronopropi onate. As used herein,
the term"nononeric initiator" is nmeant to be distinguishable from
polyneric initiators, such as polyethers, polyurethanes, polyesters and
acrylic polyners having radically transferable groups. [0018] In the ATRP
preparation, the pignent dispersant, the anmounts and rel ative proportions
of monorer iseIVERist patieularly prefrsTad eniiese! el sienxyiensd tolugpmandmixethose f or

whi ch ATRP érn%ﬁ%?éol\?écnft%ﬁc{h"é‘é t}‘no?éa&f)rﬂﬁ{é?cq%l :ﬂ%ngéc]?%h Blx ézlnrtbnr]‘iélrﬁkglr used can

vary w dely an resent ere ion ne
concent r at iAomerish undemhgommemrleLVtE@SQ Mpdditiorgal spivents asx degdrigedfim om 10~3 M

to 10-1 M (st he il Bes o MaIOnt o f od e phoEs: e RESS8MN Galme

directly r ati ve concentrati ons of

nononer ( s) ,22t||me5ml ar ratio of initiator to nonomer is an inportant factor
i n pol yner aratign. nol ar..rat.i ni.t.iator ris

typreal ly IR TP aFaudrtStiRe Boghlt Bt &AIREAR" 1055 . 1 1o
5.t ihrrgs. EoﬁdUCtéd at 4 EAtHdn temppreyoes wnlgjnttﬂireramggrm%%dtcﬁpmoeaerg by ATRP

nmet hods, the LQ of transitio 0|n| |atoris
Cvpical iy TR BoCrge"Sranid hEpSus il e tepg® BR RN Tod Sgndpohesry, 571
The nol ar ruggauy a}farﬂmgﬂl’p@bstsgré ran5| t | on rret al corrpound [ s typ| cally within
the range of Q. 0020] The

: t
pi gment  di i?fb?r%ant nﬂ}ﬁ %ERBF'@;@%“@G ”?e‘r’ﬂalt%éalé%@@ﬂété 35?‘?%@?9@%” free. | by

means of aj dﬁﬁtldﬂ%/@,@bélrﬁ%fd drafbm@()e@fr@ﬁﬁﬁép. rd@pbb@ant b@orﬁbqa@aé .rdih%per sant
i s prepare resence of a sol vent, té:?/q 0] cal éhwat er and/or an or ganl C

sol vent. CPEERY d@pe[ﬁg@fq;pf toe geaseBt igventiont Seameyval glethe i\ IRRpatalyst | mi t ed
may be achieved using known methods, including, for example, adding a

catalyst binding agent to the mixture of the pigment dispersant, solvent and
catalyst, followed by filtering. Examples of suitable catalyst binding agents
include, for example, alumina, silica, clay or a combination thereof. A mixture of
the pigment dispersant, solvent and ATRP catalyst may be passed through a
bed of catalyst binding agent. Alternatively, the ATRP catalyst may be oxidized
in situ, the oxidized residue of the catalyst being retained in the pigment
dispersant.
Monomers
[0023] With reference to general formula I, G is a hydrophobic residue of a
monomer selected from an oxirane functional monomer reacted with a carboxylic
acid which may be an aromatic carboxylic acid or polycyclic aromatic carboxylic
acid, including, e.g., phenyl (meth)acrylate, p-nitrophenyl (meth)acrylate and
benzyl (meth)acrylate; polycyclicaromatic (meth)acrylates, e.g., 2-naphthyl
(meth)acrylate; N-(aryl) maleimide; and mixtures thereof.
[0024] The oxirane functional monomer or its residue that is reacted with a
carboxylic acid may be selected from, for example, glycidyl (meth)acrylate, 3,4-
epoxycyclohexylmethyl(meth)acrylate, 2-(3,4-
epoxycyclohexyl)ethyl{meth)acrylate, allyl glycidyl ether and mixtures thereof.
Examples of carboxylic acids that may be reacted with the oxirane functional
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to, esters of carboxylic acids, ethers, cyclic ethers, C5 -Cl0 al kanes, C5
-C8 cycl oal kanes, aromati c hydrocarbon sol vents, hal ogenated hydrocarbon
sol vent s,wanhe#®7208i trites, sulfoxides, sulfones and m PCUASI000I08T5RDf .
Supercritical solvents, such as CO2, C -C4 al kanes and fl uorocarbons, nmay
al so be enpl oyed. A preferred class of solvents is the aromatic

hydr ocar bonsol vents, particularly preferred exanples of which are xyl ene,
tol uene, and m xed aromatic sol vents such as those commercially avail abl e
from Exxon Chem cal Anerica under the trademark SOLVESSO. Additi onal

sol vent s aMmonPE¥s oF e desiduef ineluperbujareanot ”iﬁh'teg ts. napshhaie aCiNohyB0807, 937, at

col um 2 1nobitgf it BERLAoBA ARG ank HIuRE 1 d@gPL) The ATRP preparation

of the pi grre sper ically con ucte at 'a reaction tenperature
wi t hin t he [0@3%]e of w500 Ymayza@mbeeregdues elonor@o@stinde@ddentlyand a pressure

ithin th '

ALUBLN e SR il b @lP% CLRIRSIE Sty ok AR BB pEeSu .

typically saepawdrtoel;d-fmctloeammmcrgmesheE@nngbf Qi-<peratight prior to its use

inth f.th t L | of ATRP

catalyst mRyebe R R B rRr ot ERE RIS Al e N G T

adfli ngt a caahdl\rymhy ka it indgpanitly e réhtduén' oﬂ; lmr:l‘mdef butlaee p]tc)gmtr{d td= sper tsalnt t
vent an er sui tabl e catalys

b ndt ng aqEO ey Ble, BB arEinlac e PRy D BSY L8 45PR0M. combi nat & on

t hereof . A(mictH)adr@at, ntkﬂﬁyl l?ﬂn%‘%ﬁryl@lteswmylt(meﬂgh&@l‘a&e agtbai/RP catal yst may
be passed t hr ough a bed g bi n gm Al ternatively, the ATRP
catal yst mijeBeIGK A gé‘dh){'ﬁe)@’ﬂ frQ thiar?éyl%tfc‘l '&P%’é elBAaGHylaCoISOPRBY at al yst

bei ng retai ﬂﬁ@ﬂh é&ylbf@c?&l@rﬁ@@t n%tﬁ)%‘éFﬁa%@ts 3%%@%%%3% Wth reference to

gener al for hydr ophobi'c re
(meth)acrylate and |socane (meth)acrylate
[0026] Hydroxy alkyl (meth)acrylates having from 2 to 4 carbon atoms in
the alkyl group of which W and Y may each independently be residues of
include, but are not limited to, hydroxyethyl (meth)acrylate, hydroxypropyl
(meth)acrylate, hydroxybutyl (meth)acrylate, and butyl (meth)acrylate. In general
formula I, W and Y may each independently be residues of monomers having
more than one (meth)acryloyl group, such as (meth)acrylic anhydride,
diethyleneglycol bis(meth)acrylate, 4,4'-isopropylidenediphenol bis(meth)acrylate
(Bisphenol A di(meth)acrylate), alkoxylated 4,4'-isopropylidenediphenol
bis(meth)acrylate, trimethylolpropane tris(meth)acrylate and alkoxylated
trimethylolpropane tris(meth)acrylate.
[0027] The numerals p, g and s represent the average total number of G,
W and Y residues, respectively, occurring per block or segment of G residues
(G-block or G-segment), W residues (W-block or W-segment) and Y residues (Y-
block G or Y-segment), respectively. When containing more than one type or
species of monomer residue, the W- and Y-blocks may each have at least one of
random block (e.g., di-block and tri-block), alternating and gradient architectures.
Gradient architecture refers to a sequence of different monomer residues that
changes gradually in a systematic and predictable manner along the polymer
backbone. For purposes of illustration, a W-block containing 6 residues of butyl
methacrylate (BMA) and 6 residues of hydroxy propyl methacrylate (HPMA), for
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nononer sel ected from an oxirane functional nononer reacted with a
carboxylic acid which nay be an aromatic carboxylic acid or polycyclic
aronmat i ¢ warbeplios aci d, including, e.g., phenyl (nethpatfskenm31527

p-ni trophenyl (meth)acrylate and benzyl (neth)acrylate; polycyclicaromtic
(meth)acrylates, e.g., 2-naphthyl (meth)acrylate; N (aryl) mal eimde; and
m xtures thereof. [0024] The oxirane functional nononmer or its residue that
is reacted with a carboxylic acid may be selected from for exanple,
glycidyl (neth)acrylate, 3,4- epoxycyclohexylnethyl (nmeth)acrylate, 2-(3,4-
epoxycycl ohysh g ist m%avya%b&qchﬂ@traéqlqow al@ﬂr%ﬁf’tﬂ}ﬂnd&rﬁélﬁnhnd m xt ures
her oof . BXARLERrQ o fdANY 10 8 Plfork B! 160,308, £5126 Fflcws1ds e oxi rane
functi onal nononer s residue i1nc ut ar e’ not e napt hoi c
aci d, hydr org nnaﬂnhmgcerabocdjmenpaheaGrblocrl@beynmluﬂeeahout &118 rmldueﬂ@‘s t her eof .

(00251 W ag o IRNRAGHRS £ERLHUES AL ARTEL BoljiIGRRNIRQT Ly psel ected From

I ncl udi ng, acrylic acl acry?ates and
hydr oxy- f uhqdno&m@kndmrmlmlady ymeaV\EBloclEmlymeea;ramhoﬁ) bl Kaf-adlokiy 20-30

nmet h) acryl br.anch d al k | s) of
Seen W e B Ang HEA ties ahaahe Moot El BE it o ShEo R L) ot
limted toputyehtrylatd (BX) hbaduefsl ate, ethyl (neth) acryl ate, propyl

nmet h) acr yl I SO neth acryl ate, n-but th)acryl ate, iso-butyl
(et ) ooy yiGi1 | o FirRbdoet Prutes Glohomit testbg byt Al e e o1 are
lauryl (mebhgiasongl i plgﬁ@hpdﬂlgyérséﬂtﬁi; oy Uateem.r@mdth@mderﬁmwmhacr yl ate,
3,3,5-tri rreth lr%lpl ohexyl (neth)acryl ate and i socane &}? %jacr | ate. [0026]

Hydr oxy al K38 H?@EQW%’P@?%&@ fﬁa iRt dne vesss! i ks REed n the al kyl

group of \Maad;&al%mrl‘éarw.s%ﬁaudte@iepsmmdw th@nf&»%hfélﬂ@ﬁna@&ré ncl ude, but
are not limted to, dr oxyet Yacryl at e, ydroxi/ ropyl

(et h) acr yl'%o@orﬁtﬁéﬁé%?ﬁdt‘% '”G%@@n?'ﬁ@‘? o tﬁ?é"gfﬁ% dirpeygan ﬁ@c%@é@'b’l ate. In

%SCFLS' f OtdBiing the rY4ARA vEsE&Y i8R thbEEIRRABMBRY it B ihEsthoraksy & rmononer s
residues in the W-block, followed by the residues of the Y-block.
[0029] During formation of the W- and Y-blocks, if more than one
monomer is fed into the reaction vessel at a time, the relative reactivities of the
monomers typically determines the order in which they are incorporated into the
living polymer chain. Gradient sequences of monomer residues within the W-
and Y-blocks can be prepared by controlled radical polymerization, and, in
particular, by ATRP methods by (a) varying the ratio of monomers fed to the
reaction medium during the course of the polymerization, (b) using a monomer
feed containing monomers having different rates of polymerization, or {(c) a
combination of (a) and (b). Copolymers containing gradient architecture are
described in further detail in U.S. Patent No. 5,807,937, at column 29, line 29
through column 31, line 35.
[0030] Subscripts p, g and s represent average numbers of residues
occurring in the respective G, W and Y blocks. Typically, subscripts g and s
each have a value of at least 1, and preferably at least 5 for general formula .
Also, subscript s has a value of typically less than 300, preferably less than 100,
and more preferably less than 50 (e.g., 20 or less) for general formula I. The
values of subscripts q and s may range between any combination of these
values, inclusive of the recited values, e.g., s may be a number from 1 to 100.
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nore than one (neth)acryl oyl group, such as (neth)acrylic anhydride,

di et hyl enegl ycol bis(neth)acrylate, 4,4'-isopropylidenedi phenol

bi s( met h)worgeawaosBi sphenol A di (nmeth)acryl ate), al koxpCatsdo09/031527

4, 4" -i sopropylidenedi phenol bis(neth)acrylate, trinethylol propane
tris(meth)acryl ate and al koxyl ated t hnet hyl ol propane tris(nmeth)acryl ate.
[0027] The nunerals p, g and s represent the average total nunber of G W
and Y residues, respectively, occurring per block or segnent of G residues
(G bl ock or Gsegrrent) Wresidues (Wblock or Wsegnent) and Y residues
(Ybl ock G &ubscrigs griaa mave@g@iéetoi atlegst Waafl peefaedyminepsidr SubkaliPtene type

or SPect S oo JRBATac'£ oG 16h0 W adhBrelerbods B 18aGihdiRYR 2t | east

one of rando al ternating and
gr adi ent alpcefetta@b/tlaws@an@()ddlge,rﬁo erless)t J@ewab:er@fsebscrmbpan@erqugence of

i 1ot ent WBAAE - SINER H R SRS BEAUNRI I Rcfupyatarad opand

predi ct abl e “manner Ya ong ur poses
illustrati omy e a/mbnlnbekupmscm 'ﬁlnelglgmerndadlsdeuesanuf;/plballwmsrmnhmbetyI ate (BMWR)

have di bl 8tk 2o et e Bh AR el EbA R B0t atrom ST ICh e *as™ ™
descri bed ionfrbim&008ab @010080as Geteddindd by,get pérmeklion Ichruesatbgidphy Lsingne

non- I|mt|n &bodlgps 4 the G bl ock may include about 5-1 5 residues of
gl yci dyl (m® W? 'éé "f%acted with an aromatic carboxylic acid (such as

3- hydr Oxy{é’omapt hOI Syraso| @) of derrraMeinagk | ﬁadr |b@eﬂvécﬂﬂ@|tﬂmr’b| resiiu®bf about
20-30 BMA and HPMA residues and the Y-blo a uni form bl ock of about

5-1 5 but yltheiRHiosused spiesepalaian Of[t%?@meméi's@ﬁffé‘f‘t PHhC PRI nonomer

resi dues 0¢§diéal%b@/ﬂﬂantzﬂﬁorp%h?dr@fre@@?ﬂﬁ@@ﬂ@c&lfy MR RhBERRSuFbISRET sant i s
typically determ ned by the order in which the correspondi ng nononers are

fed into t Huliajels QT exampla, shep e @'@m%msearsaabs@alllat%wwérn%mcan is
conduct ed. oF RudHEATRL | hltfigBDREERBol 3ol SrddieafPer R fthedfus i dues i

the G block of the pignent dispersant are general

The symbol ® may also represent a derivative of the residue of the initiator.
[0032] In general formula I, T is or is derived from the radically
transferable group of the ATRP initiator. The residue of the radically transferable
group may be (a) left on the pigment dispersant, (b) removed or (c) chemically
converted to another moiety. The radically transferable group may be removed
by substitution with a nucleophilic compound, e.g., an alkali metal alkoxylate.
When the residue of the radically transferable group is, for example, a cyano
group (--CN), it can be converted to an amide group or carboxylic acid group by
methods known in the art.

[0033] The pigment dispersant is typically present in the pigment
dispersion of the present invention in an amount of at least 0.1 percent by
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fed into the reaction vessel prior to those nononers that are incorporated
as residues in the Wbl ock, followed by the residues of the Y-block. [0029]
During fowvoebesne7es the W and Y-bl ocks, if nore than om€Trisa@vs152s f ed
into the reaction vessel at a tine, the relative reactivities of the
nononers typically determ nes the order in which they are incorporated into
the living polynmer chain. Gadient sequences of nononer residues within the
Wand Y-bl ocks can be prepared by controlled radical polynerization, and, in
particular, by ATRP nethods by (a) varying the ratio of nononers fed to the
reaction mugidit RIateraly ahleasidlip perasnt phweigbt, g morgtarefaradiost leestrig a
nmononer feed p meri zati on,
or (c) a cg)n{)c%ﬁg%f{g%ldg]? Hég?&gﬁéﬁ W“@%ﬂ q nﬁ@&@gﬁ@aﬁrﬁgngﬁg i ent

ar chi t ect upignaerd dcﬁ@@tsa:nb@calsmtybl@aummeselrdtla|the pigmenSlisparsientin Bb. 5, 807, 937,

at 001U 20 b1 320 RS R LY Thidhilor L0iarS0 dPRARby SRS 1PLS, P g

and s represent aveérage nunbers es occurring’in 'spective GW
and Y bl oclased’ ylp)theaﬂoteyweghibstthenﬂgmqntambessmtacmh@amuat (vfajlgreemtf at | east
1, and preferabl subscri t s has a

val ue of t EF’SEE‘%W%S@ 'P&%%p@@@ngﬁﬁ@wabq?m %@ée’EtH'&‘f?”iBB maHgn
pr ef er abl y besgsent drgreontbifation.of t3eamllessiipiubive of @reereaited valned.a | . The

val ues of ri pt and S range  bet ween conbi pati on of these
Vol e O LB P Frith 86imeh STae HEM Ry RpEETEh @ SRR Ak Bt ot o
100. Subscrlnmyweémycta@wenﬁna@bui@ pvém@rﬁtslmﬁtaslear@mﬁblamebugr@htsyeeg | east 5.
Subscript p al so typical val ue of |less than 300 preferabl | ess

than 100, &HHA¢RPIECH: @%%Fr&él')ﬁ/c?%@“\’%%b% blagk pigmexis. spiqndes pig val ue of

subscri pt Bn%ﬁrrbﬁﬂﬂ%ﬂi’&ﬁ\)@ﬁgméﬁ% e@ahic%m@ms@ndtdﬂmeembw i ncl usive of
the recited val ues, ﬁéethe a nunb g to 50. The pignent
gm9

di sper sant Exgpiplas| qf@rgﬁd’gc 2 aigay Qg@reﬁﬂn tUha PigRee s IKISPERON of from 250
to 40, 000, iy she, bﬁfﬁ@n%@)%néd)togge%e%rpﬁth&l@‘g@@&p phtha?PpiB80nitr8so det er mi ned

by gel perneation romat ogr a
pigments, manoazo plgments dlazo plgments diazo condensation pigments,

basic dye pigments, alkali blue pigments, blue lake pigments, phloxin pigments,
quinacridone pigments, lake pigments of acid yellow 1 and 3, carbazole
dioxazine violet pigments, alizarine lake pigments, vat pigments, phthaloxy
amine pigments, carmine lake pigments, tetrachloroisoindolinone pigments and
mixtures thereof. Inorganic pigments that may be present in the pigment
dispersion, include, for example, titanium dioxide, electrically conductive titanium
dioxide, and iron oxides, e.g., red iron oxide, yellow iron oxide, black iron oxide
and transparent iron oxides. Extender pigments that may be present in the
pigment dispersion include, but are not limited to, silicas, clays, and alkaline
earth metal sulfates, such as calcium sulfate and barium sulfate. The pigment
dispersion may contain corrosion inhibitive pigments, such as aluminum
phosphate and calcium modified silica.
[0035] The pigment is typically present in the pigment dispersion of the
present invention in an amount of at least 0.5 percent by weight, or at least 5
percent by weight, and/or at least 10 percent by weight, based on the total
weight of the pigment dispersion. The pigment is also typically present in the
pigment dispersion in an amount of less than 90 percent by weight, or less than
50 percent by weight, or less than 20 percent by weight, based on the total
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pol ystyrene standards. [0031] Synbol F of general formula I is, or is
derived from the residue of the initiator used in the preparation of the
pi gment dwepers®mnosby control |l ed radi cal pol ymerizati onpPCan$2009/08tsee of the
radically transferable group of the initiator. For exanple, when the

pi gnent dispersant is initiated in the presence of toluene sulfonyl
chloride, the synbol F, nore specifically F- is the residue, The synbol F
may al so represent a derivative of the residue of the initiator. [0032] In
general formula | , Tis or is derived fromthe radically transferable
group of t MeigRfRPtherRigmanigtispersienr é5¢ amwust oft pigmealdiresgntyn theadigmentabl e

group may '@% EAkor] ﬁ%& iy O BérgHﬁ?‘&(ﬂbﬁ@ﬁéé%@ﬁ%ﬁluéf”ﬁ)&( it fw &)

chemcally ¢ nverte to anot era rans erab e group
may be rerrm@’r@dtyyllueﬂbstltutlon with a nucl eophilic corrpound e.g., an

al kal i koxyl r adl r rabl e
groupI IS, ié)rﬁixa)r%l-@{e %g%ﬁegﬂ%ﬁd@gh‘%ﬁt&%@gn ﬁga@g??&%@hér @%&%g an am de
group or carthexpigmentalispbrgonirparmgmoebtiothting rom20 percoet kwrWelght(IG:K@] The

i gment di sper ' resen nent on of the
Blrgsent ilnsg Sglﬁy leﬁ'gghyegqmﬁ?\mys eg?eq @(%’Ye'@q}}io BQ Eﬁ?tmg IP preferably
at | ﬁaSt Ofr‘arrpw pembmbcw wlelgghtb,Gr(])am?émrr?g vm’@ﬁter'rablpprwnt Me&ﬁﬂts érepercent by
wel ght he ta 1,ght persion. ment

i sper sant trsed Pl ok Eamplenattor I Wk ST AT RRLaPEsa HRan anount
of less thm.@ﬁrmw&wmw t@\/@@ﬂfém dibelesisttatalArdpenaento 10o:ei ght, based
on the total ment  di sierm on. The ampunt of pignent

di sper sant erﬂefé%‘ﬁtogﬁtq ﬁé ‘Hl RO Wi%spér sion of the present invention nay

range bet wg@oquy cory @gﬁnleﬁﬂd@ﬁerts.faﬂwm@mgém mmmuﬁws@ défndr@és Reci ted
val ues. 34] "The pi gnent of Tgm&*nt di spersion of pr esent

i nvent i on ﬂ\%’@ pae QElas i Vet oﬁiﬁsﬁ@ﬁ Qa‘?fgén'ﬁ|38W8ﬂ5t5§hatsrﬁ%3hb%§r%§ﬁbon bl ack
pi gnents, edlide, bUf 18 Gt %ﬁ@d‘ﬁ) xPbRE LiblueRs | catondedd. i yetaAbRehaRback

pi gnents, extender pignents
n-propanol, iso-propanol, n-butanol, sec-butyl alcohol, tert-butyl alcohol, iso-butyl
alcohol, furfuryl alcohol and tetrahydrofurfuryl alcohol; ketones or ketoalcohols,
e.g., acetone, methyl ethyl ketone, and diacetone alcohol; ethers, e.g., dimethyl
ether and methyl ethyl ether; cyclic ethers, e.g., tetrahydrofuran and dioxane;
esters, e.g., ethyl acetate, ethyl lactate, ethylene carbonate and propylene
carbonate; polyhydric alcohols, e.g., ethylene glycol, diethylene glycol,
triethylene glycol, propylene glycol, tetraethylene glycol, polyethylene glycol,
glycerol, 2-methyl -2,4-pentanediol and 1,2,6-hexantriol; hydroxy functional
ethers of alkylene glycols, e.g., butyl 2-hydroxyethyl ether, hexyl 2-hydroxyethyl
ether, methyl 2-hydroxypropyl ether and phenyl 2-hydroxypropyl ether; nitrogen
containing cyclic compounds, e.g., pyrrolidone, N-methyl-2-pyrrolidone and 1,3-
dimethyl-2-imidazolidinone; and sulfur containing compounds such as thioglycol,
dimethyl sulfoxide and tetramethylene sulfone.
[0038] The pigment dispersion may be prepared by methods that are
known to those of ordinary skill in the art. Such known methods typically involve
the use of energy intensive mixing or grinding means, such as ball mills or media
mills (e.g., sand mills), as described previously herein.
[0039] The pigment dispersion of the present invention is useful in the
preparation of, for example, coating compositions and inks. To form a
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and corrosion inhibitive pignents; organic pignments and m xtures thereof.
Exanpl es of organic pignents that may be present in the pignent dispersion
i ncl ude, Woroeym®7206t |imted to, peryl enes, phthal o greeal/yshaabs2bl ue,
nitroso pignents, manoazo pignents, diazo pignents, diazo condensation

pi gnents, basic dye pignents, alkali blue pignments, blue | ake pignents,

phl oxi n pi gnments, quinacridone pignents, |ake pignents of acid yellow 1 and
3, carbazol e dioxazine violet pignents, alizarine |ake pignments, vat

pi gnents, phthal oxy am ne pignents, carm ne | ake pignents,

tetrachl or @i%‘ﬁﬁﬂi%ﬁ@&i@l@oﬁi@wﬁﬂsthérmtgrﬁeﬁitdﬁp@és@m@rtél@iﬁaHYIfﬁ'@ﬂﬁ@anl c pignents
that may b r e | e,
t|tan|un1d?é§ﬁﬁ§%mHV§§W%p§8 y co @?% §#%ﬁﬁﬂ@ﬁ# g&ﬁ &Hs iron

oxi des, e. @dditipeal sph/entso@@émg3¢9h1powtlomsmtmwhldb thebplgment dleper@»qndé and
transparent, d in the

pi gnent dlgﬁéﬂggoﬁ%bﬂ%ﬁogﬁﬁbﬁﬂ%ﬁ r@b&ﬂ??ﬁﬁubPQ@ ?%ﬁngullLﬁ§g ays, and

al kal i ne edip- landeuehinsapplied psmes akeemst ¢iad. cthamaseddaatrea aoldr-plasiclearsul f at e.
The pignen Lon contain corrosion.inhibitiv , such as
a1 nom pRESHATERaaaL S T b @pF o ORIk s ol R ahEn 1 <

typically pbemommosﬁthmspi gnment di sperS| on of the present invention in an

grnrgyg'; gI ﬁ%@jaig P ﬁ%gfﬂe)tgft“(ﬁgﬁlgms 8@,’5% %Lﬂaryh aStpgqj %Fgﬂﬁ)wﬁ }["ﬁieght,

pi gnent di %&@mﬁle@nwhuﬁhgr@lrwma to@eah@ﬁaﬁmmwém@emmausl n the pignent
di spersion in_an anount of |ess than 90 percent b Welk% or less than 50
é‘?ﬁes lodldn

percent by "fipRIONSAN] wariatiphs Hiepein yalt B apPaENiet thgnathe

t ot al vei ghurmsstdﬂ@rm@@ébmeusmsaﬁtsoahd JeCernBaAreQdy pdigiENt present in the
pi gnent di spersion may range between any conbl nation of these val ues,

inclusive of the recited valu % _I[ g] ment and pigment di spersant
are typically together present spersion in an anount
totaling fremm130 perﬂﬁ@bxé}ﬁpl\é@jegmbés%@@reparation of an acrylic dispersant,

which is subsequently used to form the following pigment dispersions. The

acrylic dispersant was prepared from the mixture of the following ingredients in

the ratios indicated in Table A:

Table A
Ingredients Weight (grams)
Charge |
n-Butyl Acetate 1854.80
2,2”-Bipyridyl 17.18
Copper (0) Powder 6.99
Glycidyl Methacrylate 703.89
Para-Toluenesulfonyl Chloride 104.5
Charge ll
N-Butyl Methacrylate 739.08
Hydroxypropyl Methacrylate 1034.21
n-Butyl Acetate 1854.80
Charge lll
n-Butyl Acrylate 683.79
Charge IV
Acetic Acid 65.79
lon Exchange Resin* 419.95
Charge V
3-Hydroxy-2-Napthoic Acid 526.71

*(AMBERLITE IRC-748l) commercially available from ALFA AESAR.
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percent by weight, e.g., from 30 percent by weight to 70 percent by wei ght
or from40 percent by weight to 60 percent by weight. The percent weights

are basedworzoad®7206t al conbi ned wei ght of the pignent aRdTAISQENeMB1527

di spersant. The weight ratio of pignment to pignent dispersant is typically
from0.1: 1to 100:1, e.g., fromO0.2:1to 5:1 or fromO0.5:1 to 2:1 .

[ 0037] The pignment dispersion of the present invention also conprises at

| east one organic solvent. C asses of organic solvents that may be present
i nclude, but are not limted to, xylene, toluene, alcohols, e.g., nethanol,
et hanol , ni@f4hanol ,Charee pmapansed ina batighsundseastomedyf|ask fisetwith aner t - but yl

| cohol , aheh d’c{h% rf I

ZI gghgl ; L%ﬁonﬁcg{éy%urr?icé’hgé{rmog&{ﬂlé‘rnYtIoggi'in acgtetgne ée{jﬁ gﬁﬂ?ﬂ kg[gne, and
di acet one atixtoleowas ételmap@rgeeﬂ wjith nittogen foy 1 5etnheIesaMﬂerrtbe lpérgettihg/| et her;
YOl 1 C o ot Ndioftsthuroh Fag HYAUIEnR AREeH ' RiARSIo ASESI R i forn £ V!

acet at e, act et hylene ene car
pol yhydric haUI(soh‘.mage lewgs mlmdnyllwmﬂdgloyldohneldmétsbngedeNlm nitagen for i et hyl ene

I I | . I t t hyl I |, | yet hyl I
oL o P BB BSP ) sfr B s B biaclBh KRG P TS e
Lunc]t i (ZJnﬁI aat leils u(afjetaTlt;me@Ieﬂqmratura;wgs alsburﬁqréasiétd[]tym(ﬂ@)seUMId et her,

ex r er r ox et her, an e

I oxy b Petber et S addathion i ddpfl et 30 saaroeB g

pyrroli don‘ﬁltrd§eﬁﬂ5@rhbd miuRY Bridr it6l aaeiiem EHarge anIva@tHéyalao@edmd@zol i di none;
and sul fur contai ni B%émlr[ npounds such as thlf’m?g di net hééesul f oxi de and

t et r amet hy "@&F808 QV LB e@Nder RErqsien e @ diPTRS alEe Bt epar ed by

met hods th%b°@r'ﬂ1ekﬂé@%r¢\ﬂa§ h@ﬁ%e‘kﬁ alOéOiCrIﬁIrtMeﬁi‘fél'slohd@réé&ﬁe@ﬁf?‘?/o Seh known
met hods typically involve the use of ener I nt ensi ve m xi ng or grinding

means, suc ﬁe%'oﬁﬁl"I(tUFﬁ VRS ”’tﬂn fikgeackthaygh guzﬁ@atue filtgpRPatile reymovebedescri bed
Pr evi ous! y ohRrceipRer ARAS IVTES HioA ko 5045 BhBIGHed BLPIFSPhoirgvent i on

is useful in
wh|Ie exposed to air. The ion exchange resin was then filtered off using
qualitative filter paper. Charge V was then added and the reaction solution was
placed under vacuum and heated to 60°C. Approximately 6.5% of the reaction
solution was removed by vacuum distillation. The reaction was then returned to
ambient pressure and allowed to proceed at 110°C till the Acid Value was less
than 1 meq KOH/g. The resulting material was found to be 57.3% solids with a
number average molecular weight of 3627g/mol, a weight average molecular
weight of 14,979 g/mol and M,/M, of 2.8.
PIGMENT DISPERSION EXAMPLES 1-7
Example 1
[0043] Pigment Yellow 138 (PY 138) was milled and dispersed in the mill
base formula shown in Table 1, on a QM-1 QMAX Supermill (Premier Mill, SPX
Process Equipment) using 0.3 mm YTZ milling media to the final % haze value

shown in Table 2.
Example 2
[0044] Pigment Yellow 139 (PY 139) was milled and dispersed in the mill
base formula shown in Table 1, on a QM-1 QMAX Supermill (Premier Mill, SPX
Process Equipment) using 0.3 mm YTZ milling media to the final % haze value
shown in Table 2.
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preparation of, for exanple, coating conpositions and inks. To form

api gnent ed coating conposition, the pignment dispersionis typically m xed

t oget her wWOt2howw®wsions, crosslinkers, additives, such as PCOWwSe@sBR7 agent s,
and additional solvents. Coating conpositions into which the pignent

di spersion of the present invention may be incorporated include, for
exanple, liquid spray-, dip- and curtain-applied priner, basecoat (i.e

t he basecoat in a color-plus-clear basecoat/cl earcoat systen) and topcoat
conposi tions, and el ectrodepositabl e coating conpositions. [0040] The
present invention is nore particul adexameledcri bed in the follomnng exanpl es,
WL ch 2 ., 108410 | BoRent RbSYERRUTOPREY mid 6% AUBREOY ARG | cati ons

and vari atl ons therel arent to those s In the art. Unl ess
ot her wi se dpeeidrinaith shown ipdrable hrah peMt-é RAMYE SupeemityPresnighMill, SPNTHESI S

EXAMPLE A r e r.af i ylic
di sper sant i s I E QST EERULAT pRERBIA bR Ena B ABEY |
di sper si onshowhé aaolgl2i ¢ di spersant was prepared fromthe m xture of the
following ingredients in the rati OSECi ndi cated in Table A: Table A

*( AMBERLI TE | RC-7481) commercially i | e from ALFA AESAR [ 0042] Charge

| was mi xeqioMB]a 12 H>|'gtn%ht Violgn@olipviasimeadisinhifedkahd tispersed irtharmidi r  not or

stirrer, u ni gen ad a nser xture was
t hen spar g@& ﬁfqrﬂ‘“ﬁﬂ 5}08\6153' f@@feﬁ WEQM&?%P%@?@ Mi-l'-'hgp action
sol uti on wagodteaEREipMEIRY uSNd 0B MABEYTD hAllifEinetiR t&@h&fmd/o Inaiz@lvélgé 1.5
hours. Charge Il was mi xed in an addition funnel and sparged with nitrogen

for 15 ni nGP@¥NHT@eLo addition. Charge Il was added over the course of 15
m nutes and whil e under nitrogen, tmnﬁ@ gperature was al so increased to 80C
and held for 1.5 hours. Charge |l was en added to an addition funnel and

sparged wi {904filt r ogeHomEHt @E‘erﬂﬁrﬁjfpé%ﬁi wes filleebind disperseshiyige Ml was t hen
added to tRgse formula shown in Table 1, on a QM-1 QMAX Supermill (Premier Mill, SPX

Process Equipment) using 0.3 mm YTZ milling media to the final % haze value
shown in Table 2.
Example 6

[0048] Lumogen Black FK 4280 was milled and dispersed in the mill base
formula shown in Table 1, on a QM-1 QMAX Supermill (Premier Mill, SPX
Process Equipment) using 0.3 mm YTZ milling media to the final % haze value
shown in Table 2.

Comparative Example 7

[0049] A conventional pigment dispersion of Lumogen Black FK 4280 was
milled and dispersed in the mill base formula shown in Table 1 using a
Dispermat CN F2 model dispersator with the Dispermat + TML 1 (Basketmill)
attachment, using 1.2-1.7 mm Zirconox milling media, to a Hegman of 6. The
final % haze value is shown in Table 2.
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reacti on over

renove the bul k copper.

stir for

filtered off using qualitative filter

20 m nutes under
80 C. The reaction was then held at 80 C till

paper .

th

e total

nitrogen while maintaining a tenperature of

solids reached 47%
The reactworroeweera9se was then filtered though qualitati PeTfUSReMO3Faper to

Charge IV was then added at 80 C and allowed to
1.5 hours while exposed to air.

The i on exchange resin was then

the reaction solution was placed under vacuum and heated to 60C.

Approxi mately 6.5% of the reaction sol LII'[I on was rem)ved by vacuum

Charge V was then added and

distillation. The rea 2 ned < .
al l oved to-proceed at_110C till the Ar"Ver‘ngz‘quf-I'“& muldss t han 1 meq KOH/Q.
The resul ti gl B8P i| °RRS |1'0af8"t ™BEPE7. S98lsI i TETRIS h=E Tl airg;gsr age
nmol ecul ar WREGLn Of 36279/ ot —a weight—average notecutar—weight—ol— 14,1979
g/ mol and | MM ©f 2. 8.0l GVENB2DI|SRERSI QN d96AVALES k- 7| Bsarpl e kop§043]
Pi gment YeNwaw 138 ((PY 138)] was milTed and dispersed inf the mIT base
fornmul a shewatets N Tahl e80¥8 gn &9.90M|1 &@MBX |Sugpeemi || 1 58Prem ed M1, BPX
Process Equylpreent) uUsing 0./3 ntn YTZ nPllijng Aedijla t0 the ebivRal % hMaze val ue
shown in TEBV&OPM Exanpl e 2 [ 0044]| Pigment Yel | ow 139 ([PY 139) was nil lled
and disper@gﬂﬂen the m%l hase?forlmil & shown%in TabPe 1 oh al QUSESHm
Superm | | §‘§ Ll AII, SPX Process Equi|pnment) fusing 0.3 mm ¥YTZ milling
media to J al % hage Val ug showngin |Tabhe 2. Exggplle 3 [ 0045] i gnent
Red 179 (PH@@&MYQM@C m i Ted and dijspersed in the mll base formula shown in
Table 1, onoss2@ 1 QVAX Superm || |[(Premegr MII,| SPX Priocess Equi pnent)
using 0.3 |MBASYTZ ml|iling madia to [the final % haze val ue

Pigments) 10.15 0 0 0 0 0 0

Paliotol Yellow

L 2140 HD

(BASF

Pigments) 0 10.11 0 0 0 0 0

Irgazin Red

379 (Ciba

Pigments) 0 0 10.19 0 0 0 0

Perrindo Violet

29 V4050 (Sun

Chemical) 0 0 0 10.50 0 0 0

Heliogen Blue

L7081D

(BASF

Pigments) 0 0 0 0 10.38 0 0

Lumogen

Black FK 4280

(BASF

Pigments) 0 0 0 0 0 10.01 10.47

Table 2
Tint Example| Example| Example| Example | Example| Example | Comparative

Characteristics 1 2 3 4 5 6 Example 7

% Non-volatile

by weight 39.22 39.03 35.65 40.48 41.11 30.08 15.00

% Pigment by

weight 10.15 10.11 10.19 10.5 10.38 10.01 10.00

% Haze* 0.4 0.4 0.1 0.1 0.2 0.3 34.9

*For analysis, the final tints were diluted with solvent. The % haze was measured with an X-Rite
8400 spectrophotometer in transmittance mode with a 500 micron path-length cell. The % haze
reported here is at a transmittance of about 17.5% at the wavelength of maximum absorbance.
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shown in Table 2. Exanple 4 [0046] Pignment Violet 29 (PV 29) was mlled and
dispersed in the mll base fornmula shown in Table 1, on a Q# 1 QVAX

Super m | IWORp@m9220sM | | , SPX Process Equi pnent) using OP8Trise009&3rset | i ng
media to the final % haze value shown in Table 2. Exanple 5 [0047] Pignent
Blue 15:3 (PB 15:3) was mlled and dispersed in the ml| base fornula shown
in Table 1, on a Q1 QWAX Superm |l (Premer MII, SPX Process Equi pnent)
using 0.3 M YTZ milling nedia to the final % haze val ue shown in Table 2.
Exanpl e 6 [0048] Lunogen Bl ack FK 4280 was mlled and dispersed in the mll
base formul a shown i n Tabl@oatinadrompagiion Examples8e@ni || (Premier M1, SPX
Process Equi prent) using 0.3 mm YTZyg\liag nmedia to the final % haze val ue
shown in Table 2. Conparative Exa 049] A conventional pignent

di sper si on [@@50] unogeait wakfoulaRRusieg 7 110ld &P RAdndilisyjesr bed in the mil |

base formul ' HS] ' [ sat or
wth the DOSTRAE A EBd BbRee o DERBESRIG I TeooTRE fha SSRRY T

Zi r conox malrhixhuge oetihta consistangHe ghtamd efti%af timhieorhixamé hak &7 walslsd tink shown
in Table 2,Table 1 *FEor al ysi he £inal ti ge diluted with

sol vent. THEMS %%E%'e\%a?%@%ﬁ%@"\ﬂ@ﬁ‘ ’f?”ﬂ@'?e.%t géag\(%@/%%ﬂ@{ tjr8'61hotorreter in
transm tt aExemmpizie andtds.e8 WA tint Lo rExaaidie be Myt anweint of Jdigmebt inaze report ed

Ron bamos Bk AR D8Rl s O b L Bl ™
of each individual pigment on the total pigment content was 10% Pigment Yellow
138, 6% Pigment Yellow 139, 12% Pigment Red 179, 34% Pigment Violet 29,
and 38% Pigment Blue 15:3. This paint was drawn using a #40 wire wound
draw down bar (PA-4140, Byk-Gardner) onto a TRU Aluminum 04x12x038,
treated unpolished coil coated white panel (APR33700, ACT Test Panels). The

jetness value of the cured paint film, percent total solar reflectance, and heat
buildup of the panel were measured and are reported in Table 3.
Comparative Example 9

[0051] Example 8 was repeated to produce a painted panel, except the
tint mixture was produced from a mixture of conventional tints, where the weight
percentage of the pigments in the final paint was the same as in Example 8,
namely, 6 wt% pigment on total non-volatiles, of which is 10% Pigment Yellow
138, 6% Pigment Yellow 139, 12% Pigment Red 179, 34% Pigment Violet 29,
and 38% Pigment Blue 15:3. The panel was tested for jetness, % TSR and heat
buildup as reported in Table 3. Example 8 displayed significantly improved
jetness compared to Comparative Example 9.

Example 10
[0052] Paint was formulated using 7.15 g of PPG Industries, Inc.
automotive clear coating (Diamond coat, DCT5002HC/DCT5001B) and 2.89 g of
the tint from Example 6. The amount of pigment in the paint was 6 wi% of the
total non-volatiles in the paint. This paint was drawn onto a panel as in Example
8 and tested for jetness, % TSR and heat buildup as reported in Table 3.
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[ 0050] Paint was fornulated using 7.1 5 g of PPG Industries, Inc.
autonotive clear coating (D anond coat, DCT5002HC/ DCT5001 B) and 2.96 g of
a m xt ur ewvof2009%09r®5consi sting of: 10.14 w% of tint fromCEASA@OM3B276.1 7
w % of tint fromExample 2, 12.21 wt% of tint from Exanple 3, 33.40 wt % of
tint fromExanple 4, and 38.08 wt% tint from Exanple 5. The anmount of
pignment in the paint was 6 wt% of the total non-volatiles in the paint, and
t he wei ght percentage of each individual pignment on the total pignent
content was 10% Pi gnent Yel | ow 138, 6% Pignent Yellow 139, 12% Pi gnment Red
179, 34% Pignent Viol et 29, arfeomparivemxamplllile 15:3. This paint was drawn
using a #4 ih e WO dan RA= - ry onto a TRU

Al um num 0O x@%xOSS%@?gg unpgplé%tﬁég%eﬁtﬁlzé'l%o tgg!(@e\(/;\}?ﬂE ﬁgﬁ]panel (APR33700,
ACT Test P&oshgarativEHexgnenleésvaswideddngiéad biethedinkdf fpeanmele 6i The apeuoent t ot al
sol ar refl . ' - regd..and are
reported iﬁ?ﬁ)@ﬁfe gt @?tﬂ%g%%g&vg ﬁvﬁgﬁg%ltétggnﬁgg@éﬁ” rn:trr}pgﬁgﬁﬂ' \ng'sS repeated to
produce a painhtvad dpawrebntoexea as ireExample ridxanartested Sorjeimdss,ed TIAFOmM a

m xture of _cqnventi.onal_ tint , he wei er,.cent age,. of the pignents
"t he t P nanapaneliC8 s ePutkuh JE0R A e B ARGl o7 ghent - on
total non-vwapaied gsnessfcompatdd tsEXDRpI®IIgNMent Yel | ow 138, 6% Pi gnent Yel | ow
139, 12% Pignment Red 179, 34% gi 8man§. \f! ol et 22, and 38% Pi gnent Bl ue 15: 3.
The panel was tested for jetn . lgd buil dup as reported in
Tabl e 3. Excoad]e 8 dasalcamperaivedikamprnbBxahipdsos ed, 4 €4 Blaerpared to
Conparative Exanple 9 le 10 ,0052}3 Pai nt. was formulated using 7.1 5 g

. EX
of PPG | ndG8ftd Pﬁ”ﬂ*c"."a%f?’(n’gH@fq ing BRI leg4dsliiey) Ipiayirsmeiive&aar
DCT5002HC ediiiPbidthoddgoad; @@Tgo@éﬁﬁgﬁzﬁéo@ﬁ Bf aRdh R¥AEHIBNAL biddKaimount  of

pi gnent in_the paint was 6 w % of : .
The amount of carbon black pigment in the paint was 6 wi% of the total non-

volatiles in the paint. This paint was drawn onto a panel as in Examples 8-11
and tested for jetness, % TSR and heat buildup as reported in Table 3.
Examples 8, 9, 10, and 11 all displayed significantly improved % TSR and
significantly less temperature rise above ambient temperature than Example 12.

Table 3
Example Jetness* %TSR** ATlu (°F)***
8 299 32.7 112
9 (Comparative) 222 34.7 112
10 343 32.8 115
11 (Comparative) 234 34.4 106
12 (Comparative) 327 4.3 149

* Jetness was measured by obtaining the color data from a spectrophotometer (XRite
MAB8, using 75° color data) and using the following formula: Jetness = 100*(log+o(Xn/X)
—logio (YN/Y) — logy, (Zn/Z)) as discussed in K. Lippok-Lohmer, Farbe+Lack, 92, p. 1024
(1986).

** The percent total solar reflectance (%TSR) was calculated using the methods of
ASTM E 903 and ASTM E 891 from data measured with a Cary 500 (Varian)
spectrophotometer over the wavelength range or 300 — 2500nm.

*** The heat build up was quantified by the temperature rise above ambient temperature
in the laboratory under a heat lamp as described in ASTM D 4803-97.

Pigment Dispersion Examples 13-14

Example 13
[0055] Lumogen Black FK 4280 was milled and dispersed in the mill base

formula shown in Table 4, with Duraspheres, borosilicate glass spheres 40-80
microns (GL-0179, from MoSci Corporation) in a 1.25 quart water-cooled
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total non-volatiles in the paint. This paint was drawn onto a panel as in
Exanple 8 and tested for jetness, % TSR and heat buildup as reported in
Tabl e 3. GoOpaevadr2we Exanpl e 11 [0053] Exanple 10 was repe€atusdooeosespt 2. 78 ¢
of the tint from Conparative Exanple 7 was used instead of the tint of
Exanmpl e 6. The anpbunt of pignent in the paint was 6 wt % of the total

non-vol atiles in the paint. This paint was drawn onto a panel as in Exarrpl e
10 and tested for jetness, % TSR and heat buil dup as reported in Table 3.
Exanpl e 10 di splayed signifi cantl i nproved j etness conpared to Exanple 11
Conpar at i vétaﬂidamt@elﬁmsg@lﬁlﬂg]au@ ispeisptar dvipgel @Qanﬁwemerdvlrﬂkmmr@s 8-11, a

2t oot .b'vZg'éﬁ%a;braﬂ?%[‘?'a*%@n%nﬁZ%L@%”e%%@JH%%’Z%BB‘i”% e
conventional black tint. . cxahpole 1 ack pignent in the paint

ves © i 6 fioddie €Ol k2eb ek RERE 0l Tl RELE i Rpatr A Ot

a panel as'in and tes for nes eat bui | dup
as report ecﬂormmlél’sthﬂvm B. Tﬂmﬂmhm Boz. @pnﬂaﬂ)‘;er,athlO.?eﬂl ® nun Fpteryed

significant| oved SR and st ani figcant | t enper ure ri se above
o ent comlpb TR Bt a e pR st roratytes. §3F HBTRRL AR 1 oa by

obt ai ni ng tahaintgl the fldalt% hhzenalalewewhrmﬁihlolbcmeter (XRite MA68, using 75

col or data) and using the foll ow ng fﬂo{gm&l a: Jetness = 100* (log 10 (Xn/X)
- log 10 (Yn/Y) - log 10 (Zn/2Z)) as Bdssed in K Li ppok- Lohmer,

Farbe+Lack, 92, p. 1024 (1986). * * The pweight %tsttTaht BeWniilar f Tlect ance
(WSR) was cdlculated using the methofgs of ASTM B 90GompdraivtM B 891 from
data nmeasured wtm.nsﬁaéyn&.%ién\@rlan BRffRpleORNOt OMBkampRY ¢4 the
wavel engt h I NS &by k9 Z2500nm *** The heat buaild up was quantified by
the tenperatur gyRIAaam &%ﬁﬂ%é’wﬁé t epper 88:38e 335.49
Xylene 74.07 55.41
Lymogen Black FK 4280 (BASF 535 910
Pigments)
Table 5
Tint Example Comparative
Characteristics 13 Example 14
% Non-volatile by weight 16.05 27.55
% Pigment by weight 5.35 9.10
% Haze* 3.4 14.5

*For analysis, the final tints were diluted with solvent. The % haze was measured with
an X-Rite 8400 spectrophotometer in transmittance mode with a 500 micron path-
length cell. The % haze reported here is at a transmittance of about 17.5% at the
wavelength of maximum absorbance.

Coating Composition Examples 15-16
Example 15
[0057] Paint was formulated using 5.72 g of PPG Industries, Inc.
automotive clear coating (Diamond coat, DCT5002HC/DCT5001B) and 4.32 g of
the tint from Example 13. The amount of pigment in the paint was 6 wt% of the

total non-volatiles in the paint. This paint was drawn using a #60 wire wound
draw down bar (PA-4140, Byk-Gardner) onto a TRU Aluminum 04x12x038,
treated unpolished coil coated white panel (APR33700, ACT Test Panels). The
jetness, % TSR, and the heat buildup of the panel are shown in Table 6.
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in the | aboratory under a heat |anp as described in ASTM D 4803-97. Pi gnent
Di spersion Exanples 13-1 4 Exanple 13 [0055] Lunobgen Bl ack FK 4280 was
mlled aslodoeperaéd in the mll base formula shown i n PabIus2ep9/08iseh

Dur aspheres, borosilicate glass spheres 40-80 microns (G.-01 79, from MdSci
Corporation) in a 1.25 quart water-cool edstainless steel flask using a Lab
D spersator (Mdel 2000, Premer MIIl) to nanosized particles wth the
final % haze value shown in Table 5. Conparative Exanple 14 [0056] Lunbgen
Bl ack FK 4280 was nilled and dispersed in the nmll base formula shown in
Table 4, in an 8 oz. contai nerGomparativeExanmpleA6mm Zi rconox milling nedi a,

on a Red gishake W{; I ning the
final % hﬁdé I ue sél%é\%Bmﬁgﬁde?%&gﬁpLﬁe{[g ab ef%g]t%v %H%Lﬁéqe?su s, the
final tintsisingrie’2iglotiPeG muﬁrle@llwmtomwe%eaaz:eam (Dn@asnd echtwi t h an

X Rite BAOYsRegblARRet ORIt &4 BRIl GH EBREaitL ERaRAR 11 T on

pat hl ength ¢ aze repor ere ransm ce of about
17. 5% at t Adewaveinénfpipmeht ineRke paimt wbsﬁrvh%lofethe @utal nomgv dlatitgomi the on Exanpl es

austri oo PR TRgnBl bles B wsPS A B WS Bnd S agud Bafieta i persoos

B) and 4. 3Byg-Gdrdihdre ohiord TRUoﬂuurEmunpr@dmosg hecatabumdoliohedpc@naated n t he

G ann uei naie a0 uAPEBbRAGE Tt odieeympaahase 3o Sy antn B8l ) onto o

TRU Al um nmidipxds tﬁégﬁﬁel aré sRdvedlinlmarmé 6 e mpd 15 aieplaged wahkieamgnel

(APR33700, ACT Test Panel s The
improved jetness compared to Comparatlve Example 16.

Table 6
Example Jethess* %TSR** ATlu (°F)***
15 265 34.4 118
16 (Comparative) 212 33.4 113

* Jetness was measured by obtaining the color data from a spectrophotometer (X-Rite
MAB8, 759 and using the following formula: Jetness = 100*(log;o(Xn/X) — loge (YN/Y) —
log1o (Zn/Z)) as discussed in K. Lippok-Lohmer, Farbe+Lack, 92, p. 1024 (1986).

** The % total solar reflectance (%TSR) was calculated using the methods of ASTM E 903
and ASTM E 891 from data measured with a Cary 500 (Varian) spectrophotometer over the
wavelength range or 300 — 2500nm.

*** The heat build up (ATlu) was quantified by the temperature rise above ambient
temperature in the laboratory under a heat lamp as described in ASTM D 4803-97.

Comparative Example 17: White Panel

[0059] As a comparative example to the coated panels of Examples 8-12,
15 and 16, the jetness, the % total solar reflectance (%TSR), and the heat
buildup (ATlu) were measured on a coated white panel as used in those
Examples, namely a TRU Aluminum 04x12x038, treated unpolished coil coated
white panel (APR33700, ACT Test Panels). The jetness value was 11, the
%TSR was 73.3 and ATlu was 95°F.

[0060] It will be readily appreciated by those skilled in the art that
modifications may be made to the invention without departing from the concepts
disclosed in the foregoing description. Such modifications are to be considered
as included within the following claims unless the claims, by their language,
expressly state otherwise. Accordingly, the particular embodiments described in
detail herein are illustrative only and are not limiting to the scope of the invention
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jetness, %ISR, and the heat buildup of the panel are shown in Table

6. Conparati ve Exanple 16 [0058] As a conparative exanple to Exanple 15,
pai nt waswbaselvaroed using 5.72 g of PPG I ndustries, |neCTast@wsisee cl ear
coating (D anond coat, DCT5002HC/ DCT5001 B) and 2.55 g of the tint from
Conpar ati ve Exanpl e 14. The anount of pignent in the paint was 6 wm % of the
total non-volatiles in the paint. This paint was drawn using a #60 wre
wound draw down bar (PA-4140, Byk-Gardner) onto a TRU Al um num 04x1 2x038,
treated unpolished coil coated white panel (APR33700, ACT Test Panels). The
j et ness, 9dGIRh iateibe Bvendhe fubreanib obthetanpepaedrlamearthamnantalirabl e 6.
Exanpl e 15 di,spi igni ficantly inproved jetness conpared to Conparative
Exanpl e 16€aq§EF§%%ﬂgé?gtness was neasured by obtaining the color data from
a spectrophotoneter (X-Rite MA68, 75 ) and using the follow ng formula:
Jetness = 100* (log 10(Xn/X) - loglO (Yn/Y) - log 10 (Zn/Z)) as discussed
in K. Lippok-Lohner, Farbe+Lack, 92, p. 1024 ( 1986). * * The % total solar
reflectance (%9SR) was cal cul ated using the nmethods of ASTM E 903 and ASTM
E 891 fromdata neasured with a Cary 500 (Varian) spectrophotoneter over

t he wavel ength range or 300 - 2500nm *** The heat build up (DTlu) was
quantified by the tenperature rise above anbient tenperature in the

| aborat ory under a heat |anp as described in ASTM D 4803-97. Conparative
Exanpl e 17: White Panel [0059] As a conparative exanple to the coated
panel s of Exanples 8-1 2, 15 and 16, the jetness, the %total solar
reflectance (%9SR), and the heat buildup (DTlu) were neasured on a coated
white panel as used in those Exanples, nanely a TRU Al um num 04x1 2x038,
treated unpolished coil coated white panel (APR33700, ACT Test Panels). The
jetness value was 11, the %9SR was 73.3 and DTlu was 95 OF.
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[0060] It wll be readily appreciated by those skilled in the art that
nodi fi cations may be nade to the invention w thout departing fromthe
concept s WD200909295i n t he foregoi ng description. Such mpdiTfiSec@viodrss7 are to
be considered as included within the follow ng clains unless the clains, by
their | anguage, expressly state otherw se. Accordingly, the particular
enbodi nents described in detail herein are illustrative only and are not
limting to the scope of the inventionwhich is to be given the full breadth
of the appended clains and any and all equival ents thereof.Wat is clained
is: 1. A ndWogds elrAdis: q di spersion conprising: a) pignent particles
havi ng an gvera i LA el } ; Il ess than one mcron; and b) a
dispersantqéonpg?§®%8£25¥?gﬁﬁ%%%ésg%Bﬁﬁg%@?'having: i) a first block
conprising an og) mwigneerftypadiclastvingoaroararagepimety partidie sizeaf lesgyhare aci d;
ii) a second bloc%ngqmgghs% (meth)acrylic acid al kyl esters; and iii) a
third bl ock conpri’sing fhé ﬂ?acrylic acid al kyl esters, wherein said third
bl ock is differkntadismrsadicdmpesiogc thiobadk. copolymtee hdvieger si on of claim 1

wherein said pignent, particles conprise organi [ nts. 3. Th i spersion
of claim 1 whor o dht A PR ERPRS D ErCRTARe Ll T Mintr cSaSrBoxy 1 <
acid or a polycyclic awahatdatom@libesig) i c acid. 4. The dispersion of claim1

wherein said carboxylic acid, conpri ses.a ha oic acid. 5. The dispersion
o a1 whecer iy § safaRteMbroRGas S AGh i 2Rl i psiEg anene
di spersion of clai mil) wheirebiBciseorfping aNéthfdengitia@riedIkyTRBRIE WHEPSR! | ses

glycidyl (nmeth)acrylate. . o ,
said third block is different from said second block.

2. The dispersion of claim 1 wherein said pigment particles comprise organic
pigments.
3. The dispersion of claim 1 wherein said carboxylic acid comprises an

aromatic carboxylic acid or a polycyclic aromatic carboxylic acid.

4. The dispersion of claim 1 wherein said carboxylic acid comprises a
napthoic acid.

5. The dispersion of claim 1 wherein said dispersion has a maximum haze of
1%.
6. The dispersion of claim 1 wherein said oxirane functional monomer

comprises glycidyl (meth)acrylate.

7. The dispersion of claim 1 wherein said second block comprises hydroxy
functional {(meth)acrylic acid alkyl esters.

8. The dispersion of claim 1 wherein said pigment particles have an average
primary particle size of up to 100 nm.
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7. The dispersion of claim1l wherein said second bl ock conprises hydroxy
functional (meth)acrylic acid alkyl esters. 8. The dispersion of claiml
wher ei n sWDRIEVYM®at particl es have an average primary pamftisedos/osisze of up
to 100 nm9. A pignment dispersant conprising a tri-block copol yner having a
first block conmprising a glycidyl (nmeth)acrylate reacted with a napthoic
acid, a second bl ock conprising (neth)acrylic acid al kyl esters, and a
third bl ock conprising (nmeth)acrylic acid al kyl esters, wherein said third
block is different fromsaid second bl ock. 10. The di spersant of claim?9
wher ei n sai9%l napti@nentLisnereanteemeesing adr-®kogk corply e baweg 8.firgtblockhe

di

functi onal COmERRG B g dRIFLTLafy e 8E0R0 Wi b hadRIP RS s

conpri sing comprlgngr(math paylia zmnctalkwaaﬂtefg and @Uendahj@ckpcmmmrswmartl cle size of

| ess t_han e hnéc,cr IR:nac‘ff'cﬁ1 Ik @aé@%ﬁéré eé’?cﬂh rd%ﬁoc‘%llghme?ent Jrr%m Janc‘? di spersi on
Sl s

of claiml organic pigments. 14.
The di spersemncmlod{ a| m 12 vvherel n sal d d| sper5| on has a maxi num haze of
1% 15. The dispersion of claim12 wherein said second bl ock of said

di spersant conprises hydroxy functional (neth)acrylic acid al kyl esters.
16. The di 9per sThadishpeshai oh clmvieheiein said dapihgiterid ganpriseseéyditaye an

aver age prl rra paéil cle size of up to 100 nm 17. A coating conposition
conpri si ng"g i nous binder and (b) the pigment dispersion of claiml.
18. The coatl ng conposition of claim17 wherein said pignent particles

conpri se organic g %ments 19. The coating con(‘)p05| tion of claim1l7 wherein
sai d pi gnedt- di $perSreisana claim 9 wherein said second block comprises hydroxy

functional {(meth)acrylic acid alkyl esters.

12. A pigment dispersion comprising (a) pigment particles having an average
primary particle size of less than one micron and (b) the dispersant of claim 9.

13.  The dispersion of claim 12 wherein said pigment particles comprise
organic pigments.

14.  The dispersion of claim 12 wherein said dispersion has a maximum haze
of 1%.

15.  The dispersion of claim 12 wherein said second block of said dispersant
comprises hydroxy functional (meth)acrylic acid alkyl esters.

16.  The dispersion of claim 12 wherein said pigment particles have an
average primary particle size of up to 100 nm.

17. A coating composition comprising (a) a resinous binder and (b) the
pigment dispersion of claim 1.

18.  The coating composition of claim 17 wherein said pigment particles
comprise organic pigments.
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a maxi mum haze of 1% 20. A coated article conprising an article coated

with the coating conposition of claiml17.
WO 2009/097205 PCT/US2009/031527

19.  The coating composition of claim 17 wherein said pigment dispersion has

a maximum haze of 1%.

20. A coated article comprising an article coated with the coating composition

of claim 17.
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