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SOLUTI ON TECHNI CAL FI ELD OF THE DI SCLOSURE [ 0001] This
wale@shomare rel ates to surface coating sol uti oPST/ERZN0S/012037
met hods for formng sane, and in particular, surface

coating solutions containing boehmte. BACKGROUND
[ 00021 Surface coating solutions are useful in various
applications including paints, surface protectants,
and adhesi ve sol utions. Such coatings nay be applied
t hrough wvarious application techniques, including
sprayi ng, dip coating, and brushing or rolling, and
are generally foPHRFAGEHCO4TING SOEETIOYN i nt ended
techni que. Inproper fornulation my |lead to undesi r ed
texture, application markings, and sag or dripping of
the surface coating solution during application. Such
i ssues are of particular significance in water-based
coating formul ati ons, such as |atex surface coating
sol utions. [ABEBNISALFHED OFTHE DISCLOSYRE| ng
formulation is provided in U S. Patent 5,550,180. The
|{BQ0X Thisrdmgloatre ovlates to (smnfmscodtmgrsolunoﬂlmdma]soda for forming

I boe a um na .havi ng.a crystal
5.5*?9 AR riace 235 DBt el mE Rt ant
surface area, when calcined to gamma phase, of greater
t han approxi mately Zogggﬁgg?§8§§§¥boehnite i s present
in an anount to nodif properties of the

| f1 Qn ave relativel. Vil Scos .
FEVERE Rl oo i3l Fod GeBLim e srditoBi Bttt oo

E)aﬁqme pmtmmmdhm\fe@bmﬁbm iSa6h ecﬁatz&‘ags" hagBe §Htd though
sol uti o Sg. cont ues tp exist jn the art for

YU aPY R BTG e R P TRY TS B EPHHG FAipng of
f2Eng, ald fe gaprally EoinhlARTS opfilDW i idich@abiiMtue. Improper
har a cterls%%§ and viscosity recovery times. As
IR {ation oY IR i widrTiee &xa P rkFaSen Merienss, alang or dripping
eeht Enggic@ coa:tﬂag m%%ﬁg Qﬁb?éatch.r ISR AR Q%%Zrtlcular

significance in water-based coating formulations, such as latex surface coating

solutions.

[0003] An example of a latex coating formulation is provided in U.S. Patent
5,550,180. The latex formulation or composition includes as a rheology modifier,
boehmite alumina having a crystal size (020 plane) less than about 60 angstroms and a
surface area, when calcined to gamma phase, of greater than approximately 200 m?/ g.
The boehmite is present in an amount to modify rheological properties of the
composition, to have a relatively high viscosity at low-shear and a lower viscosity at
high-shear.

[0004] Despite advances in formulation of surface coating solutions, a need continues
to exist in the art for cost effective surface coating solutions having desirable sag
resistance, flow and leveling characteristics, and viscosity recovery times. As such,

improved surface coating solutions are desirable.
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[ 0005] One enbodi nent of the present invention is
directed to a surface coating solution having a

waosaemocoat i ng base and boehmite particl es pPOVUS®AS/012037
in the surface coating base. The boehmte particles

conpri se mainly anisotrQpi | Y<-Shaped particles
havi ng an aspect ratio gﬁhgghﬁg%st 3:1. [0006] Another
enbodi ment _of the_present .inventjon is directed to a
JOROBL 05 eeshedimgnt of eu¥ s Eht TEBRIT STHE BRR s coutde
ReTutibrChA%n ¢eoREhg PRk RBIERE pRil&rdwdedhapedurface
particles having an aspect ratio of at least 3:1 and a
lcortedrsadi The heFtamtcrrIticies camprsegpainiy peoHEAPER LY iFB%S‘S?] A
. o D¥ ki goating preparation is
g?&%R%P%%P%Bg£$$%gﬁ %gtﬁ%%??gcludes activating
boehmte particles to forman active_solution, form.ng

40008} Angthspamthodisrentief thyPreprat HEeites isgregied dhe suslaee coating
fsgﬁﬁ%l{]&)r@prﬁ%@tbbagni&r RRAIALCLRABHMSE ngintylh%isogéﬂiﬁh@l?/ shaped
solution.” The boehm'te particles conprise mainly
anitistss hoyhgal dspecs rraip ofiat past 81l ehé s longgst flimeasieneaf 4t frgst 50
g&&g&ﬁ@%ions formed by the foregoing nethod are al so
escribed. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008]
FIG 1 depicts rheolog¥ stability for exenplary

409Gt Armethed offfordng ¢ siglace enating preparafi@ogelso pog@ded The

i Gt- . i i t X .

S e e R T LRI
lgeiné baluti@psing shestctinc®hition, axddompiiag y caating prappratisinusing the
DETAI LED | PTI.ON [ 0011] Accor di :
EBSATN 101 Ceret Eretdity rmoRErhAD iy shaped
$attidics.0BurifRe cquty prbparatidratfonnred by desforgciog tiethgd bresdsoand
%pehg%ie particles provided in the coating base. The
6 e particles are generally conposed of mainly
ani sotropically shaped particles having an aspect

rati o of at ﬁg@]ﬁg&glﬁ%lg@&tg@ﬁﬁg%ﬁ@aped and

pl atel et-sh _ ; t her eof .
%ﬁﬁ%@%@%ﬁ%ﬁépﬁ%} sg%}iityh &)\{ gxén?pla\l%) er%ggdlsl{n%l%g gtg (;'oating
solutions.

[0009] FIG. 2 depicts shear dependent viscosity behavior for exemplary coating

solutions.

[0010] FIG. 3 depicts Laneta sag resistance for exemplary coating solution.

DETAILED DESCRIPTION

[0011] According to one embodiment of the present invention, a coating solution is
provided that includes a coating base and boehmite particles provided in the coating
base. The boehmite particles are generally composed of mainly anisotropically
shaped particles having an aspect ratio of at least 3:1, and include needle-shaped and

platelet-shaped particles, and combinations thereof. The coating solution may have
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properties such as sag resistance or flow and | eveling
characteristics desirable for particular
wa@ppbsiterpi ons. [ 0012] The coating sol uti on andPCDEB2008012037
base may be water-based or oiI-based sol utions, such
i nts, enanel sur face n
iRl W T R S SRR G e

gaftichia€ a@ightbdnens, styrene nodifi ed acryllc

enul si ons, and polyvinyl acetate enulsions Q| -based
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R e e
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T Sr B eE s pE s palibiasT Rt R e eglgitad
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an nor e rerera ro net er
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ea?ésgbn&ﬁﬁysdifs §bd iRthetoRRHPRL®Y S. The aspect ratio,

defined as the ratio of the Iongest di mension to the
next | ongest dlnen5|on i cul ar 38 t he | ongest

dPHEhOre fremplary embpdimey ‘%ﬁlg?sgﬂggbm%w’f SHEPTBFEREr abl y
3hisbtgspad, nbedle-sHAgel &y @Nahdving 4 1BRgd3eEefsis e thast 50

F;grrlczzrll'lectfl:r(se Spr&?r%blk;l from 50 to 2000, and more preferably from 100 to 1000
nanometers. The dimensions perpendicular to the length are typically each less than
50 nanometers. The aspect ratio, defined as the ratio of the longest dimension to the
next longest dimension perpendicular to the longest dimension, is generally at least
3:1, and preferably at least 6:1. Additionally, the needle-shaped particles may be
characterized by a secondary aspect ratio defined as the ratio of the second longest

dimension to the third longest dimension. The secondary aspect ratio is generally no

more than 3:1, typically no more than 2:1, and oftentimes about 1:1. The secondary



characterized by a secondary aspect ratio defined as
the ratio of the second | ongest dinension to the

wao bdosdod4ongest di nensi on. The secondary aspectPCHUB0H/612037
generally no nore than 3:1, typically no nore than

2;: 1, .and oft P e ut 1:

btst 00 B0 TR RS R st iont O Hobarlcl ¢ plene
deseniioelar toltke bngssdisgeatioronal geonetry of the

particles in a plane perpendicular to the |ongest
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e e G N

cmmbntmmbmmbhxtedmthab]aﬂeély lolmsme@mgbbivdg amiaapeiusplé,rrdmmigdh C
rgﬁben l t I §’f Q‘ﬁe&ﬁﬂ c{qgg%l%{%ﬂ noéxlgerrhiygrot}ﬁgxﬁgrgeamenbmay
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needl e- shaped boehm te  particle The needl e

PRl eﬂwﬁﬂge@e-ah@asl P%f@@le%lﬂaé(aa S%@a‘:ﬁéaegtﬁswaﬂye E!é‘% %’FT
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Q88 i éb?mﬂ&ﬁysv%ﬁed GRSAIRRE A d,?hsa@mﬂ Yo03y195a0d A,
Publ i shed Application No. 2003/0197300 Al

i ncwppotedbheadinthyrefrenby ref erence. [0016] While certain
enbodi ments utilize the above-descri bed needl e- shaped

bﬁsmml%%h%dln%ﬁ%ﬁﬁz@ﬁ@ a@v@ﬁ@icﬁbe@ﬁl&%@@@haped

boehm te partlc es. Pl atelet- Sa%m artlc es are
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a&rﬁ%%@ Bk 11¥ a:%%t?/fs : oﬁé { 6%5 ?@%‘%8‘% Br 2900 m{bﬂ&‘ﬁ&%{s

d nore pre nanonet ers.
gﬁeraﬁlyrfsms %) tcs2q99 mpematiters) lan¢ mpre fréferablycieona i @0 to 1000

eneral ly an 50 n [
BRI E R AR HIADE e HOE RRRRS R R s
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i mens i s at r ef er a t
SoTE S pris pefira SR i ond R Blern it I 31y o8
p;ﬂéi%fabiy% leastes: 1. %ﬁﬁ?&lﬁﬂ kﬁe)bppcbﬁz ﬁfajog@ﬁkfzﬁzéeoﬂjhmm‘rad:lhyare
par a each ot he er ni ng t el et
rﬁfiﬁfﬁ@( B]@WBF‘? 6 @oREzpY rerall 0 ey o g ‘s e Pt
PhadpBd16ty STBPSALNS. tTh ﬁacﬁﬁom pbﬁele’c‘-‘dﬁ@ﬁe’dcﬁaﬂfcleé athy s

havi ng a secondary as rat i 0 greater than abgut

Fharactprizedgs hrungt secg %FP%F%W%&“@?I GemePartyl - Eh latelet-
SHbRAGER IS 3oner Ay HISE S8R, i BeBEEd b BRBEIRchifue, of

at least 10 m*/g, and preferably from 70 to 90 m ’/g.

[0017] The platelet-shaped particles may be produced by hydrothermal treatment of
aluminum trihydroxide raw material loaded with boehmite seed crystals. Asa
working example, an autoclave was charged with 7.42 Ib of Alcoa Hydral 710
aluminum trihydroxide; 0.82 1b of SASOL Catapal B pseudoboehmite; 66.5 Ib of
deionized water; 0.037 1b potassium hydroxide; and 0.18 Ib of 22 wt% nitric acid.

The boehmite was pre-dispersed in 5 1b of the water and 0.18 Ib of the acid before
adding to the aluminum trihydroxide, remaining water, and potassium hydroxide. The

autoclave was heated to 185 °C over a 45 minute period and maintained at that
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at least 10 nR2/g, and preferably from70 to 90 n2/g.
[0017] The pl atel et-shaped particles may be produced

whyoosgoret hermal treatnment of al um num tri hy dPORUS®05/012037
raw material | oaded with boehmte seed crystals. As a

wor ki ng exanpl e, an autocl was, charged with 7. .42 | Db
JPIRGTREE fﬁ&%ﬁ%fs whtle SFREA AL P i anesmauly elggtdy of
SAGGkre GRARRAN 635 sPHeddanee i haintalibd. SThdreadfer, thtioehmite d
water; 0.03 7 I'h potassium hydroxide;, and 0.18 | b qf
OSIRESM T A5 RO R A (her REOSRYEIARS (e TR BRETHYES g o
SehPerhirel 7@ 5 8L Ghe AR a8 ks lds BrusHdato &t thak @f(Dimesh.
adding to the alum numtrihydroxi de, remaining water,
and pot assi_ um hydroxi de. The . aytocl av s_.heated.1.0
118818E Ty¢ bpehaniippapiolfsmay he F}dbvdd“&H& aﬁ‘L\l’H R e‘?ispﬁfse‘fwg-ﬁm
il Miﬁ%&ﬁéé&%%@ﬁ’@oﬁ%@&@eﬁ%a%ﬁlﬁ@fﬂiﬁfrﬂhwfﬁcﬁmm 2

hours ile stirring at 530 rpm An aut ogenously
gurfasedreatingst efthe bechatite padioles tPANCTRASE diRErsior s ER¥EYgTyrace

) . _ _ > . P
e B a8 MO, sl ke
ribevgylarst arg accomimmly desiratde fof coBinappiipaions sERresFEP pragder-
s crushed to.l.es ha ] . itahi -
Bl BORe R Bl Rt baliRtk por ALy it igh tow
dihsgreisesitywnd h compdritivelydewérrhighsshbartvissasityo theapieadhig high and
ol ar _sol vents_ and/ar | ver s.. Wi thout iald
Oa ey b AR PR ST ERIPh B2 pERECh oAt
| Joata@fipeurdircpalt®Enite dotease Boelamitd peaticle buréat reaitnsntsrengy
i.mpart uni qu roperties of solution, such
B4 eogt ot PG afid e gl at By e nd
dc%fd'h&@ a{tl)ﬁta‘, gﬁd :ﬁfhhbﬁhxﬁ coRPbunds) ishans -anﬁ?xfnilﬁﬂ apdibeide. In one
wat er - based._sol utions containing surface-tr e
MR Ot dk My TERTTBPE DaS R GGl g te o
V84 Qs bottyafidh 8s £ ERAeA Y B0Y, draMEIowWNhg4 848y, The low-
viscosity, the spread in high and |ow visco |% .
| shoas|visceity (pay, 0T PRASPRMR e G1sadFeddh AQ R apfthp g}%ﬁ*@ %ﬂf SSESHY
Hﬁéﬁwéﬁ 44d0q@§ containing un-treated boehmte
particles. Boehmite particle surface treatnments may

i nclude addition of alkali and alkali_earth su tes,
Sl0819]1 4= solulinme Sie bastuniternsrticlesrych esdp g fora 8% F%}f"éi,aﬁ %Hlama

DR &%Q@%@ﬁaﬁles,%%oﬁﬁﬁmmmﬂo.@% A8 20dgbyone

exenpfary ‘e ment, t'he hi gh-shear viscosity is not

gragitef thetraairgoolugon.t s crample. dhecehmits paygipley may eI
| %ﬁ&a%%‘su%.swg{h RIB Pk r RS AEANoMYbR 6 3h dnbthel NE

example, between about 0.5% and 2% by weight of the coating solution. The solution

may have a basic pH such as a pH greater than 7, for example, the pH may be at least
about 7.5, 8.0, or higher.

[0020] The coating solution may aiso include water-based thickeners such as clays
(e.g. , nanoclay Actigel-208), hydroxy ethyl cellulose (HEC), modified HEC, and
other water-based rheological modifiers. However, according to a particular
embodiment, the coating solution is free of associative thickeners, such as QR-708.
Associative thickeners are those components that associate with polymers in the

solution, such as by forming complexes with the polymers.
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shear viscosity may, for exanple, be neasured at 10
rpm and the high-shear viscosity neasured at 100 rpm

wQ 0@39po4bn sol ution, the boehmte particles, SPCHUS0H/0M2037
the form of -colloidal alumna nonohydrate (CAM

b b %. 0%
I R R
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pol yners. -5 MD 2005/ 100491 PCT/U82005/012037 [0021]

above | oadi ng of .ani sat I
X&}#anh etn&gsr cre eegsur ! (_’)f% tlmricg S ’I?\ﬂo)n 4n0?a coatmg
delstismgneratii Mmﬂ;@m-@bmah&irﬁ timb ofikssthgh 3(Ba1nateanhaeaxezfnb}avy

an eve rlstlcs and oyery tine Th
PRfediet e Surie ARty ST cupaned GOF Arett Shthod
ASTMEDSHB0s bempbes biet Meguésand 12 mls. In exenplary
enbodi nment s, the Laneta sag resi stance was neasured to

mls and l.eveli
DE R 8 e iR 1 S S e o i ouen
B2:3Qding 4 solutgmrberbaéﬁnwegfaﬁﬁle@r sut;h as!’lccﬁloim Aumink nmemnllrm y
Z@E&ﬁ' rre_n{?s, he flow and | ev &gar acteri st
SATSlsE P FEmAmdct s Spfution. & s SPEYHEeRE Y“‘é s
a4l shearhin®ing sBREOY, Bhich ds |a"§8ﬁt18&@ﬁ1ab@chﬂﬂ§ﬂfé@h@ﬂdg¥@@ trénd
the viscosity of the coat i ng)gsol utiion, _According_to
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E(ﬂﬁﬁmraﬁeﬂdaﬁtcrﬁﬁlﬁyau@r B BBb gy, s B SificdtdR B ARRABE prbperties

(S)f('e t(1:1(e): rl])oghmlte particles, such as through formation of salts with surface nitrates
located on the boehmite particles. In one embodiment, adding amines activates the
particles. For example, ammonium hydroxide may be added to the solution to
increase the pH and activate the boehmite particles. This is believed to result in the
formation of a soluble quaternary ammonium salt with residual nitric acid found in
samples. Alternately, alkli and alkli earth metal salts may be used, such as
magnesium sulfate and calcium sulfate, to activate the boehmite solution. In another
example, thickening clays, such as nanoclays may be added to activate the boehmite
particles. In a further embodiment, colloidal silica is added to activate the boehmite

particles. Activation may be carried out by adding substrate particles having surface

charge opposite that of the boehmite particles (e.g., colloidal silica is negatively
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[0022] Dry tinmes were neasured using test nethod ASTM

D1640. The coating solution generally has a
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&ngd sduteon ganesellyf mgans an mt@ampdlwtats@lutlmhatm@lﬁmweconcentratlon
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868#ng | fbﬁaraﬁkﬁﬁ QAich Cbibine ' Ge Eﬂnd JURftRMI J&ltfoﬁm%iv@ﬁﬂ Al a
st abi accordlngly, desirable in
SYsRension %f’ol&@ﬂlwqﬁm lofs &g é%l?f@‘r?@ agryli¢partigles. m@zuq strges
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part i cullar manner In
conditions) are added during the preparatlon of the surface coating preparation. One

exemplary paint emulsion is Maincote HG-56 gloss white enamel standard by Rohm
& Haas.

[0026] EXAMPLES

[0027] The following examples utilize boehmite particles formed by seeding a
solution with 10% by weight seed particles, herein referred to as CAM 9010.

[0028] Example 1



activation is carried out. According to one

enbodi nent, boehmite is added to the solvent base
w@r0snowol i nt roducti on of an activator. For exe@pUs2085/012037

boehmte is first added to wat er, foIIovved by

ucti on of a ni.um h dr0|de i S. techni .
l@‘i%?ﬁ’ Ypsiah vas Faggrar il S0 g4 éﬁRd"aé% Engp%fwyTBW
t(k@ gszﬁhsuéﬂ ©AMtdoam w@redidﬁéd?zﬁﬂré 1tatéH fder s pehueds. ThepH. of the

addi ti on of ammoni um_hydroxide first to

t he
é&)&&&%ﬁ?ll tQ B+t Parmomyn hpdierdhiyat aidehiodhnitose mixturs anti
Itmlte@ﬁwas%ser&éao %éﬂlmmﬁm%g&mm& 8ds HAVL RSl Ui o MEANicdR

used forma grind solution. The term grind
et fmam@h: greihiscammpniyeauspd ingyaterrhagadrpeuilganecogngst {Thiskening,

g?gél'}@m%ti%,%s %96&%@% dek b @ '36 g fnT RIagHGA e 2%%95&1‘?@

cti ve conponent e gri ution i S genera
by dnonided Thwilltahtliyrog? laexmoenmsh}tdtramdeaqeatmbbwsltveé nfl0.¢8ifYo based

Ig? %ﬁlu\pelé}& lgé}‘ysgl on g.mftg %d hF uIche rgsu tln r"n}ﬂv?l{ed'ofb‘y

d 501l
mmaﬁm pre-gol @mm}sof 7. m gIrmxnﬂo }dgts;h%rmbsuarw thieblendngnd
a%ents. Bl endt ﬁ ers, .,such S illers, may al so be
JAHEE T VPRSMG AT “S5r I 6Wreo?‘s BB e the preparation
of the grind solution. Blend partners may include
Ghadk/RPMer s, al um num tri hydrate, -sub-m cron al pha

‘ particles, silica, d.carbon. The grind
%g@ll{)]on is generally dilut egﬂt’%()%form a surface
#e@llolg preparation, which comd@ses the grind

g ﬁég addltlonal sol vent, and a suspension of
% @ P 198F%- IROP¥EY such as 1%1%x or acrylic

particles. Typically, shear sensitive ingredients
(101139] Itid lﬁea@védechmnmﬁmﬁaﬁﬁmmbabxﬂe rea6fs withtresdangitd aghd on

condi.ti on are a durin pr.epa atjon of
t%}? °§]BFPF%B%“@65‘F &° ioE Fea F&}}?feaﬁﬁ%é’tfp {Y;PIJ A6 nt
SoNHis. ANGL § d&@ét@ﬁﬁ&ﬁeoﬁ'@y@@ofﬂé 8350 MW ihb@s eﬂ@;rpeé agdtidf 0 e
by Rohm & Haas. 002%11? EXAVPLES [ 0027] The fol |l owm ng

é%&‘rﬁi}ré‘%"lagﬂsﬁtf@e%éﬁ ‘E%‘éﬁ‘% cles fornmed by seeding
a solution with 10% by wei ght seed particles, herein
[603¢[ Eggngle2as CAM 9010. [0028] Exanple 1 -7 WO
2005/ 100491 PCT/ US2005/ 012037 [0029] A vessel was

%2}9%\/\41%&25;&&% rsglrerc?tec? Eor stugy was tI?ohIrI;] gc\&-l.[aag l\%algcote {-IG 56,
an acrylic emulsion designed for the preparation of primers and weatherable topcoats
for light to moderate duty industrial maintenance applications. The Maincote HG-56
formulation chosen to serve as a standard for comparison and a baseline for test
formulations was the R& H starting point formulation, G-46-1 Gloss White Enamel
for Spray Application. The manufacturer recommends the use of Acrysol QR-708 for
thickening of this formulation at a level of 2 Ibs per 100 gallons of coating.

[0033] Solutions where tested using a thickener composition of 100% CAM 9010,
blends of CAM 9010 with a nanoclay, or 100% Acrysol QR-708. Blends of CAM
and nanoclay utilize a portion of the CAM 's inherent acidity and the pigment

dispersant to activate the nanoclay. Tamol 850, an ammonium salt, was tested and
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(30) granms of CAM 9010 were added and agitated for 15
m nutes. The pH of the solution fell to 4.41.

wa@\eepsnowm hydr oxi de was added to the above m xear/@S2005/012037
until thickening was’ observed. Anmoni um hydr oxi de was

t he .vaol at f ch it
BRSPS P SRLG6 Tl 28, RUBTR G o s

'Elni:l oloelet Bignificattlydetterf Qhemirioony avivatep Kxheh ﬁ&dll afutrees swich as
(il m addi ti on of 28% anmoni um hydroxi de. The

gt H?‘r‘fa?“’ﬂ? Oéﬁﬁﬁfﬁ‘W‘i‘?)P&?sS&tl de equated to a | evel of

0.187% based on total weight, or 1.87% based on

ot afriThe Cwdi Yo wa’ﬂﬂ@di‘l}e adtivhiet §y teGinnvaihen 'hydrﬁ%ﬂe &iifion in

e DaRifideusnal Gabbah of slmipiop dy R e ST, at e

@bin@ilatibh f&a&em@ﬁandwsenm tHaf bl fBwsnt tSRERGLEHRIPMetihest#6
?10 23, 000 100 950 #6 @10 after 15 sec.

‘F‘Sﬁlsﬁﬂ? (?@é@)f" qyatgds pel i eved that the
amoni um hydr oxi de reacts with residual nitric acid on

t[6e35PeREIGokEngRE CFakaﬁﬂoﬁ vl i Rl Busing z@rpédh&&,fttm thlckener
iincreased pH and, viscosity of the solution.

ROSImIS 17 ﬁbam%bm@ggﬁ%bﬂﬂwaéa aeroentass of 30 pepds, ‘ﬁar&aésied to

Abe. @@5@1&5 @flam&%d “sa@érumepoﬁa%@b@%mn%lﬁmh @rokﬂ&e Slftfon
hour eri od. gubExarrp e 2 [0032] The poly

é(étheéqlé@prf soquelyvinsenRelpyrihsckprgi gvas waqiqéd@f@n the
'fghéﬁder ofile A5 fklglér A Gilihe kr?’ddgﬁloqeﬁ%g&ﬁgf bPPrdwe-405 defoamer,
Weat

preparation o rrmers an e tOpCO&tS or
|1 ghloumd@ Ofriﬁ@tecpla7t3é pitment dispensant; | &lpowedsrof dméoncer-10 pigment

i écatg r{t Mg 195 ?&ng?éf’dﬁ%?e fi'%é §ut11£ L0y 351578@ gﬁg?igged

eas a s npari son an
fTais foraetd t]ﬁa:gmrdlsalhtlmn svhwhsvds laédda&o ki cea;tmlgtplrer;grapon itcluding

. G46- VWA
g‘gép?%l fgﬁamclcﬁe ﬁﬁa %@1{811&; 8% 5? a8 gn? omu(r]ré II¥C{1|COXIEC szut*on, 40
llmds of begkyl AR8ha1OT5 pduhds:dfeii)bungg phthalatel 8.5fpouids| of Fomasadr

L1 Bontidife ) & s ey miviny GLEHCPTEORIES AR on
afdich@a %y GRW-264 Bslow b AeBetnd Fbrmfufivot @i wiidtshg@sta pacticey for

or 100% Acr solm?? 708. Bl ends, of .CAM g nanocl ay
theust 9 thirkengrand A indicpisg, 8}' 46tdity and
the pig ment
[0036] Formula No. Thickener Composition
TEW-463-2 25 % : 75 % CAM 9010 to nanoclay by weight
TEW-463-3 . 50 % : 50 % CAM 9010 to nanoclay by weight
TEW-463-4 75 % : 25 % CAM 9010 to nanoclay by weight
TEW-463-5 100 % CAM 9010 by weight
TEW-464 Acrysol QR-708 Standard

[0037] In each formulation, excluding the QR-708 standard, the known potential
activators in the coating include: ammonium hydroxide for the CAM 9010 and the
boehmite acidity, the Tamol 731 pigment dispersant, and the sodium nitrite flash rust

mhibitor for the nanoclay.



di spersant to activate the nanoclay. Tanol 850, an

amoni um salt, was tested and -8 WO 2005/ 100491
wEIDSWBR905/ 012037 provided partial activati oPCDUS1008012037

nanocl ay. Tanol 731, a sodiumsalt, was al so tested

rked. si gn I cla
e T e G LR Y 5 B I B80Sk s i
ahicletasdl. HpNatii apthe fantulatddd3d]g vT:h)em@AMtE&ik Gedwetson of pH.

AL g LT RS SRR e Ui,

hMﬁpl@Xésdﬁg nas TeadbitatddRcted wrﬂﬁdsafab&mofftesmngwabbiré told
was nore than sufficient to activate even_the
ﬁ?lbqﬁlégqel Fpoistingg! Faaveriganse. fiafeandARTeHneote et e gta charts

[WeS3ahpibidaah 160AEd fleBRRANE! a19;avea@o%d mmtel 18t Piay$4tR8om
20 pounds of total thickener. Boehm in an anount

itoeRcsziegondiliowohd2 B apdft ¥ Hge of 20 pounds was
added to 123.2 pounds of deionized water. One pound

95033 YneBrMBLBI AW RED%E Qﬁcﬁgéﬂnu%ckemn@g&%q chﬁm%h e
sol ution. Subsequently, a nanoclay thickener was ded

Periemranre Wes theregvaluaigd ptikiging the fallowanedagmegiodad. | n
addi tion, 1.5 pounds of Drew L-405 defoaner, 11.1

pounds qflsc'gglmgodKﬂyi;l pi gnent di spersgaipsd2 5 pounds of
Triton CF-10.pignmént wetting agent, and 195 pounds of

Ti - Pure \RSGP@@GCH&)H e titani um di oﬁW@éﬂ% added.

Thi s forpeg g cgrind sol ution, ‘%§87added to a
coati ng prepar tron including 523 pounds of Maincote
HG 56, #lpoeamtlseveling28% anmoni um h).«"c&T(MDé&Obol ution, 40

pounds Qng{ggéé’ﬂ{es@t%%ml 15 poun%%-lcﬁ ayptyl

pht hal ate oun of Foamaster and 9 pounds
of 15% mmmm(wrme in water. ASTM@M&& mul at i ons

are %1( 3? by TEW 463 bel ow. éﬁﬁ‘i or mul ati on
foll ovve P& dfed practices for use of Acrysol
QR- 708 tlhtrdﬂeemlefrven)@dlems i ndi cat ed ASTM B#26%64. [ 0036]

Formul a No. - Thj ckener Conposition -2 25 % 75 %
CAM 901§P?%‘1%24\%58| ay by wei ght E\%‘é@@ 50 % 50 %

CAM 901Qzdhesitta@asss-aytcl)y wei ght  TEAYEMG B3359@netiodd) %
CAM 9010 to nanoclay by weight TEWA463-5 100 % CAM
9010 by wei ght

[0040] TABLE 1, shown below, depicts the viscosity, pH, sag resistance, and flow
and leveling characteristics for the formulations. Each of the formulations exhibited a
reduction in viscosity for increasing shear rates. However, the boehmite formulations
exhibited a significantly higher low-shear viscosity than the QR~708 formulation (free
of boehmite). In addition, each of the boehmite formulations exhibited a greater
percentage drop in viscosity from low-shear to high-shear measurement than the QR-
708 formulation. Indeed, as shown by the rheology profile in FIG. 2, the 100% CAM
9010 solution exhibited a high-shear viscosity that was less than 30% of the low-shear

viscosity, representing a marked spread in viscosities.

[0041] Data from sag resistance testing are depicted in FIG. 3. Each of the boehmite
formulations exhibited a sag resistance greater than 7 mils. Samples TEW-463-2
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TEW 464 Acrysol QR-708 Standard [0037] In each

formul ati on, excluding the QrR-708 standard, the known
w@oiosnoi4al activators in the coating include: PEMUBINHM2037

hydr oxi de for the CAM 9010 and the boehmte acidity,

d [ .
B PTRY Ads SRS b e e RS iR, e goqigc

Zf@lﬁﬁﬂalﬁﬁﬂﬂio @ﬁ]ﬁlﬁﬁ@ﬁ@ﬁﬂ@ﬁ.é_’rﬁﬁé’vehbg B3] ctdridticd, @stinggflow and

I|e vi a, Bi,rd Bar_ dr.awda 0 a
TG Tef e PR RRLE R i, iy g anad bk brapens
mﬁaﬂmﬁg. viscosity, w thout reduction of pH As
understood in the art, a Bird Bar is a generally known

AL R R S

Gidrehsing pbdcettaget 82CAM:OThet 6 to-T@icR liryStafles! RSkedded E&%ﬁ} 30
fl. ow ang | evel i n etc., sealed Leneta charts

SHBYIG B4 miAlES. a5 Sicath BANBILE Znetlis SHHass Ay MBeRthe GAM
dsrifulaions &6k alkd bQ@éf%haﬁttherngWOS repRekshUre conditions
of 72 F and 45 % R H [0039] The eval uati on of

er ef f ] Ci ency and thickener inmpact_on coating
E@r“gﬁ ghoge-digelosadsHbigstanatist s & bR Gompiderag itusativey 4né\nphg

Q&I bRO BB appldss A sintsYard 1513961% t6od N B S hVh REQS kil
(cps) ASTM DZE%G Viscosity (I1Cl) ASTM D4287 Fl ow and
E@V@qu@tSAemtmgoﬂzodlwn@x\ahléaﬁﬂlRé&illsﬁlaﬁ@c@eAsmmpmmo
h
e S R e QopEt i pins
ASTioEPR badisteshimad by ﬂmévsoaﬂeat pmnlse\@Td\Anmsmqmth@ d B)
t
E‘&B@/@Aﬁg&éﬁ@g Fg%glﬁ% E&\Yigal%%ﬁ%, ?}é\é Wshqgﬁ e reét{]c,ecea, bl %d kXI the
édﬂf%omgtd@taﬂsdd@snlﬁmn the fornul ati ons. Each of the
fornmul ati ons exhibited a

[0044] TABLE 1

PROPERTY . TEW-463-2 | TEW-463-3 TEW-463-4 TEW-463-5 TEW-464
» Viscosities
cps
10 rpm
2400 2270 2550 8920 1460
20 rpm
1560 1470 1625 5700 1300
50 rpm
896 848 940 3240 1132
100 rpm
618 580 641 2180 982
Kreb Units
’ 72 68 68 72 76
ICI cone& plate
0.70 0.80 1.00 1.60 0.60
« pH 8.57 5.45 8.36 8.43 8.90
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reduction in viscosity for increasing shear rates.
However, the boehmte fornulations exhibited a
wae@sitbidgant | y hi gher | ow shear viscosity thanP€h®s2005/012037
QR-708 formul ation .(free of boehmte). In addition,
each of the boehm | ati ons jexhi bi t ed
by %he r eolg

| 'eed as. s o
tﬁgwiﬁﬁﬁﬁéﬂaﬁﬁ§g|o sol utibn exhi bilted a hi gh-shear

viscosity that was | ess than 30% of the | ow shear

vi scosity, representing a nmarked spread in
viscosities. [0041] Data from sag resistance testing
are depicted in FIG 3. Each of the boehmte
formul ati ons exhi bited a sag resistance greater than 7
mls. Sanples TEWA463-2 -10 WO 2005/100491

PCT/ US2005/ 012037 through TEW463-5 exhi bited sag
resi stance of between 8 and 12 mls. The boehmte
formul ati ons al so exhibit desired flow and | eveling
characteristics, having a flow and |eveling above 6
mls and, in several exanples, between 6 and 10 mls
or between 6 and 7 mls. [0042] Set-to-Touch Dry tines
for the boehmte fornul ati ons decreased wth

i ncreasi ng percentages of CAM The Set-to-Touch dry
times decreased from30 mnutes to 9 mnutes, as
shown in TABLE 2. The surface dry tine of the CAM
formul ati ons were al so better than the QR-708
formul ati on. [0043] The above-di scl osed subject matter
is to be considered illustrative, and not

restrictive, and the appended clains are intended to
cover all such nodifications, enhancenents, and ot her
enbodi ments, which fall within the scope of the
present invention. Thus, to the nmaxi mum extent

all onwed by law, the scope of the present inventionis
to be determ ned by the broadest perm ssible
interpretation of the following clains and their
equi val ents, and shall not be restricted or limted by
the foregoing detail ed description. [0044] TABLE 1
PROPERTY TEW 463-2 TEW 463-3 TEW 463-4 TEW 463-5

TEW 464
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Viscosities CPS 10 rpm 2400 2270 2550 8920 1460 20

rpm 1560 1470 1625 5700 1300 50 rpm 896 848 940 3240
wa1®32/10490 rpm 618 580 641 2180 982 Kreb Uni t BCTRSBB5/012037

68 72 76 |1 Cl cone&plate 0.70 0.80 1.00 1.60 0.60

pH 8.57 5.45 8.36 8.43 8.90 -11 WD 2005/100491

PCT/ US2005/ 012037 Sag Resistance (mls) 8 10 12 12 5

Fl ow and Leveling (mls) 6 6 7 10 4 -12 WO

2005/ 100491 PCT/ US2005/ 012037 ............ [ 0045]

TARSET: ERTY TEW 463-2 TEW 463-3 TEW 463- 4

TEW 463-5 TEW 464 Dry Tjnmes Set-fo-Touch |(mn.) 30

PROPERBY 50  Sur f aceviies-2( MTEW-4668 BAES54664 [7TEW-4685 | TEW-464

= Dry Times
Set-to-Touch (min.) 30 15 12 9 50
Surface Dry (min.) 60 60 35 60 75
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WD 2005/ 100491 PCT/ US2005/ 012037 WHAT IS CLAIMED | S:

1. A surface coating solution conprising: a surface
waeoabsitmgobase; and boehmte particles provi dedPCTUS1965/012037

surface coating base, the boehmte particles

conprising mainly anisotropically shaped particles

R PO PP ASRES) 1s:Fati o of at least 3:1. 2. The

suﬁ?ﬁce—ccgirng—SUlution of claim1, wherein the

surface coating base is a water-based solution. 3.

The sdr fateleoeripgsolBioncPoaianecl ai m 2, wherein the

vat er hased Satdgth@nand Urt her conprises polynmers in an
enmul sion, the surface coating solution being |atex

pai nt boehmitppartiplas prayvéded dathie werfarg coatingrbasst the baghmi® particles
wherein th ' . [ [.C:
surtace coltTAbTE ANy e AGRF ey BT AR Vg dn bR
surface comtippfatlestyti on has fl ow and | evel i ng of at
| east about 6 mls. 6. The surface coating solution of
claim1, wherein the surface coating solution has a
sag r @silbe sintace grating eqlutidmand cibo Ut wierein|tles, sufaceTioating base is
sWAaG8&0atklag sol ution of claim®6, wherein the
surface coat1ng solution has a sag resistance between
about 7 and 12 mls. 8. The surface coating solution
of cl al Thé‘-sur%@&ﬁ'tiﬂg Ed?&o%}gffcﬁﬁﬁ ZCﬁﬁérﬁiﬂghe @ﬁér%akeﬁﬂsohﬁion
essentially free of  associative thickener. 9. The
Suilfeneempriras polgmers inuan eprnlebn, theaiunfade copting solution heing latex
gg®pnite particles constitute between about 0.1 % and
o by wei ght of the surface coating solution. -14 WO
2005/ 100491 PCT/ US2005/ 012037 10. The surface coating
sol ut j o, Ofu BEAL BT MRS Bk S, \pf?é?aﬂltﬁeq'at@?giih@oﬁx%ﬁses
constitute between about 0. 5% and 10% by wei ght of "the
supdrakke coating sol ution

5. The surface coating solution of claim 1, wherein the surface coating

solution has flow and leveling of at least about 6 mils.

6. The surface coating solution of claim 1, wherein the surface coating

solution has a sag resistance greater than about 7 mils.

7. The surface coating solution of claim 6, wherein the surface coating

solution has a sag resistance between about 7 and 12 mils.

8. The surface coating solution of claim 1, wherein the surface coating

solution is essentially free of associative thickener.

9. The surface coating solution of claim 1, wherein the boehmite particles

constitute between about 0.1% and 20% by weight of the surface coating solution.

-14 -



11. The surface coating solution of claim10, wherein

the boehmte particles constitute between about 0.5%
wanesa664by wei ght of the surface coating sol ut POYUSHAS/012037

The surface coating solution of claiml1, wherein the

surfaq@, ¢RakirRle cBhdidibnRR8128n 8 8k Rd-Qn Pfglf)%ghn%eypatxﬁags

| ess than about 30 minutes. 13. The surface coat’i ng
Sopsitite AetyrecibariA- 1% anh &0%iby wekght pbbhsirface paating sdletzon.
have a | ongest di nmension of at |east about 50
nanonmeters. 14. The surface coating solution of claim
13, whér éhfsurfaes pabnmsolwiop af elrinn b Wheesinstha bpebmitegerticles
EonRist B&tweén HBHVE 5\%&% i ion €
surface coating t‘éﬂé?ﬂﬁ%%ﬁ??%ﬁl%?%ﬂ%é e% g?%ln%%?gnéﬂ?
aspect ratio is not |ess than about 6:1. 16. The

surf age. Thadurfage cﬁ)@ﬁl&%]d:o‘llﬁioﬁt)f b2 MwherdBE 8ltack RBating
boehm te particles ave a secondary aspect ratio of

soltien kasrset-orairhaboime fpss than ghourppmingtssace coating
solution of claim1, wherein the boehmte particles
have ? S rfactg area as_ neasured by the BET techni &ue
of at 1$-eh¥:SUHBCGHAe sphtionpEclaim | athercinike bpgjmits narticlss
BhveCd BhEdsldimeMi®T FahlchA@bRR 8O RhiothepAs t i Cl €s  have a
surface area as nmeasured by the BET techni que of at

| east 75 nR/g. 19. The surface coating solution of
cl ai m4.8Thevihefi@i ddatitpesoution ot d18imDE, tiheleRShe Bat¥mitd particles

urface area as sure the BET techni que between
gﬁ"&f’talo %?étrfgwansmg% e“‘@%’@?apea/“&.lo%?an?ﬁ’éte%rf ace coati ng
solution of claim1, wherein the surface coating

, 0 . . ,

O s PR R SRR
Rehaib26056:012037 21. The surface coating sol ution of
claim1, wherein the pH of the solution is greater
than 7.0. 22. A surface coating solution conprising
boehni & elhgantface|cedingsoiptiosofindpimninivhbginghé Badhmixpipaaicley

ﬁ%%;% iog Fav'n an aspect tio of at | east
a ouf‘s ggéo?@grgr% egtzra %%fgneogﬁr ?ﬁtlﬁ’rn%ﬁ%%bé’ﬁg %ﬁ at | east 50
nanonet ers.

17. The surface coating solution of claim 1, wherein the boehmite particles

have a surface area as measured by the BET technique of at least 10 m?/g.

18. The surface coating solution of claim 17, wherein the boehmite particles

have a surface area as measured by the BET technique of at least 75 m?/g.

19. The surface coating solution of claim 18, wherein the boehmite particles
bave a surface area as measure by the BET technique between about 100 and about
350 m%/g.

20. The surface coating solution of claim 1, wherein the surface coating

solution recovers 80% of low shear viscosity in less than about 15 seconds.
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23. The surface coating solution of claim22, wherein
the surface coating solution has flow and | eveling
w@e@atiersot han about 6 mils. 24. The surface cor€T/H§2005/012037
solution of claim22, wherein the surface coating
sol utj10n B3 rRe S8fink SLESPECRIAN, Fherkigald pH ofihé Solutith.is
The surface coating solution of claim?22, wherein the
gaatbiben GBating solution is essentially free of
associ ative thickener. 26. The surface coating
solution of claim?22, wherein.the %oehm te particles
const3% vt Birf3es (ReERS sAlWIAR COMBTFIAH POBBYE PANEIY R BF Ehe
P4 %o&@@wmh&ﬁh%&@ﬁs havérfe and3Bect titib BE &t 1684tonEs:1 and
sol ution of claim22, wherein the surface coating
& bingest dimengsien of a dastt XH-nepemwicdry tine | ess than about
30 mnutes. 28. The surface coating solution of claim
22, wherein the boehmte particles . have a | ongest
i rerdh e SRS COR S BOBHIABGE: HARGHLePECgao o
{03385 AORLADNBvaR W00 1eh sebRmiR2, Wherein the
oehmte particles ave at |east a 6:1 aspect ratio.
30. The surface coating solution of claim22, wherein
t he boehmekerrR8LbitleslutibaveclAmas whdeainyhasplet coatidg 0
of no nore than about 3:1. 31. The surface coating
sdptipnihema e TesiEiee 952t Igskf 8RS t he boehnite particles
have a surface area as neasured by the BET technique

of at_least 10 nR/g. -186 005/,10049.1 .
PCT/ L5208 £t %g%t%f?ﬁwﬁcﬁw?&ew BER G EBELEPIIE of
cdi@ddN iSdssethBy BbdoftRechoebmidkengparti cl es have a
surface area as neasured by the BET techni que of at

| east 75 nR/g. 33. The surface coating solution of

cl ai me3Zhewhgiceichatingasoltdenof damPas whatiashe brghmite particles

surface area as ure.pby the BEL te ' n
S O h Ao Dt s e g ey berfiEaa e RAREY
solution of claim22, wherein the surface coating

sol ut recover % Qf: I o ¥l ' i
oSG Bl Saont  WhoRoml biatnudens
selifcades e sattd-nmch dopanalessthan dbout Iehinoigs.

28. The surface coating solution of claim 22, wherein the boehmite particles

have a longest dimension of between 100 and 1000 nanometers.

29. The surface coating solution of claim 22, wherein the boehmite particles

have at least a 6:1 aspect ratio.

30. The surface coating solution of claim 22, wherein the boehmite particles

have a secondary aspect ratio of no more than about 3:1.

31. The surface coating solution of claim 22, wherein the boehmite particles

have a surface area as measured by the BET technique of at least 10 m?/g.
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conprising: activating boehmte particles to form an
active solution, the boehmte particles conprising
woreosi1go4ani sot ropi cal |y shaped particl es; fornP@myus2005/012037
grind solution using the active solution; and formng
a coadj Nehe LSRR A1t RoMESNEF didif T WhteRAhdBdehite Bhiticles
The met hod of clalim 35, wherein activating bogbmte
bawetaj suffacs areacg measured bytthe BEE ttechaique piat il"é‘ﬁtgﬁar@oz'?%} g shear
t hi nni ng theol ogy. 37. The nethod of claim 35, wherein
activating boehmte particles caonprjses dding a .
base. 3338lhe PHdackEPa g SOt} %ﬁ‘ﬁ%l 2, Wher i the %bmﬁggaemlegs
RRVEON R Y I QX HGire RPthe BFE tB&RfA6 bethwesh &0t 89,and about
wherein activating boebmite particles conprises
Bhtméasi ng pH of the active solution to at |east 7.0.
40. The nethod of claim 35, wherein activating
boehm te particles. conprises_  .addin oaréi cl es havi ng
a chatielhsspdacecaating splyten %Cl%lwé%wg#%%t e%’éﬁ?’f? egee
4 dutiohNEcdvels RO 20w birhiMidRsitpMRaEe itinfa86ut 15 gedohs. 9r i nd
sol ution conprises adding a pignent. -17 WO
2005/ 100491 PCT/ US2005/ 012037 42. The nethod of claim
35, WrLiRihae bf ahingd seaadttobtngiaéiaraioasthe akmbd Ses
adding a salt. 43. The nethod of claim 35, wherein the
AAEPPIISZani sotropical |y shaped particles have an
as pecictif Alre®omitd parRsitio 8RN adiide sofiftion, HhebFBAIING Gaficles
cl aim 35, wherein the coating preparation has flow and
| evel i ng gewarising whinly awbotrorigall shapedsgrticisse net hod of
cl ai ; ' ' ajipon has sag
resi gﬁoggglé\égﬁhgtm?ﬁe%\sﬁsﬁ Eﬁt‘rﬁ él{&gvpgigﬁﬁ{f} gﬂd?ret hod of claim
35, whenziga codtgeupeiation prieple giipdsrlitionessential |y
free of associative thickener.

36. The method of claim 35, wherein activating boehmite particles results in

the active solution having shear thinning rheology.

37. The method of claim 35, wherein activating boehmite particles comprises

adding a base.
38. The method of claim 37, wherein the base is ammonium hydroxide.

39. The method of claim 35, wherein activating boehmite particles comprises

increasing pH of the active solution to at least 7.0.

40. The method of claim 35, wherein activating boehmite particles comprises

adding particles having a charge opposite to that of the boehmite particles.

41. The method of claim 35, wherein forming the grind solution comprises

adding a pigment.
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47. The net hod of claim 35, wherein the boehmte
particles conprise between about 0.5% and 2% by

waweioghtodof the coating preparation. 48. The nep¢DUSIIN5/012037
clai m 35, wherein the coating preparation has a

set - t ok2. (Thelalethda Vi tlaite 3, efsreilRAvARE Bbed@ td PaRttl @S omfdses
. et hlgd of claim35, wherein the boehmte particles

T
haveed fongest  di mensi on of at |east about 50
nanoneters. 50. The nmethod of claim 35, wherein ttd1eb
boehm te rticles have a surface . area as neasured by
Che BET FRCREIMETET GRS Fage SempEnie Forivtld e od
qfartellegihavedn aspdrerationds kitease gt Y. preparati on recovers
80% of | ow shear viscosity in | ess than about 15
seconds. 52. A surface coating preparation fornmed by

t he méthdbk mthod af ¢hiBE35, whdBin the coating preparation has flow and

leveling greater than about 6 mils.

45. The method of claim 35, wherein the coating preparation has sag

resistance of at least 7 mils.

46. The method of claim 35, wherein the coating preparation is essentially

free of associative thickener.

47. The method of claim 35, wherein the boehmite particles comprise
between about 0.5% and 2% by weight of the coating preparation.

48. The method of claim 35, wherein the coating preparation has a set-to-

touch dry time less than about 30 minutes.

49. The method of claim 35, wherein the boehmite particles have a longest

dimension of at least about 50 nanometers.

50. The method of claim 35, wherein the boehmite particles bave a surface
area as measured by the BET technique of at least 10 m%/g.

51. The method of claim 35, wherein the coating preparation recovers 80% of

low shear viscosity in less than about 15 seconds.

52. A surface coating preparation formed by the method of claim 35.

-18 -



