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SUBSTRATE COATI NG COVPCOSI TI ONS AND THEI RUSE FI ELD OF
THE DI SCLOSURE [0001] This disclosure relates to
woizgosanissl substrate coating compositions and merhsad®s/019892
of maki ng and using such conpositions. The coating
conpositions incorporate a thickener system containing
a pol yvi nyl al cohol polynerland a boron contai ni ng
conmpound. BACKGROUND | NFORMATI ON [ 0002]- I n many
product applications, substrates are provided with a
coat i SUBSTRATE IGO0 ATENGr¢ OMBQSHRONS ANID SHHBER USKd/ or
to inprove the appearance of the substrate. An
i nportant purpose of a coating is to provide a snooth

FIELD%’M’ ?%l%(ﬁ}@é@ﬁﬁ that is substantially free of

ndentations or valleys. A snooth surface is necessary
f[@ﬂﬂlﬂ) r i nThisgisglveureqelates to/pigmanied S@bﬁt@mﬁ@g pempgsifiang and

methods bk SRR SBRTAIhSa THg SRR RAbER iR AP =

th1cken%f‘§ s?éﬁ? cMthilin PPAFRAY LRAbI fidyBenges toromcorftfiaBig]comtpeund.
g conposition is effectively an aqueous

d| sper SI on including mainly mneral pignents such as
ate, or titanium oxide, and
BACKE#@%@Hﬁﬁﬁﬂégﬁgegggﬁatural protein, for exanple,
8662|N OlIn S@y prodtieti applicitians lsubstirates yaret provided mﬂhwmatmg to
errul sions. Coating 8/{$p05| tions.are usuall ¥ apﬁgst%ge
facilitage prEwERAIGHE S\%Ea@fan & s Yeathe: 2RRseEce PL By S
import 1&%?@30%8 %%’ h Iagat Gh tdGevide YGhoat Rbadte s@dicerisat 1§sdbstant1ally free

coaters, od coaters and roll coaters. The fl ow
of indetapiogs b1 edleps. Acsatqoﬁgsumfab@rfs n@@?ﬁp@rs' ifes mngmgcgood quality images on

substrq?%sba{c’n}dr&grtr %ﬁeﬁ%%g ftrig{ls)js r((grr% t&g l}SFFT%r tAa%ﬁgot E%t%ge%L ceis

i &P%‘ GnO RS Sfbk@hte sURRS Gvifhl DYcRenP@Iatihgsompesitadit en
obtain (Hﬁ Pgd by a thickener. [0004] Substrat [

coalin ]
cloffdsi t iThasottyns epatioyition é’b?ff?@%i%l@ ag agyenye ﬁtspefélo&i ﬁﬂgﬁimg
such as.| at t i
i Y5 el o BAFHETSRAh B, S seepighn

binder§8Y n&ﬁ%a@gro@&ﬁ Ofot B;Ce{rmﬂe, castii bi wiygirotepiarvdnessysithstic polymer
optica

ri ghteners, aner crossl.i nkers
emulsqgng n@mtmgsco%rms@@pq; ?,redqs%ajlybaé)g ¢ Vi c%u%q éb % tﬁ%%%)sﬁate \
materlf'qt ‘?yelhlgﬁ nﬁ%%g:;ol ﬁ@éﬁgagﬂ SRUGE bBRle €84t6ils VAT RAFDEIIBIE rod coaters and

|ca Conventi onal co- bi nders
roll co@ferd. The Klemeprspemies uﬂ@aﬂn@mihl; cqueERsdions fqﬁ@bﬁmtgs\ﬁr%gﬁ significant

imporianéen Bhelerrd b e usRORHSY JTAgT Bt He B aipe ggraton
These3low properties are often controlled by a th1ckener

[0004] Substrate coating compositions typically incorporate a pigment, a binder such
as latex, and a thickener for strength, viscosity control, and water retention. The coating
compositions may often also include additional components such optical brighteners, defoamers,
crosslinkers, etc. The pigment is typically clay-based but may also include other pigment
components such as calcium carbonate, titanium dioxide, and silica. Conventional co-binders or
thickeners include starch, protein, and polyvinyl alcohol polymers.

[0005] U.S. Patent 6,440,535 discloses the use of a polyvinyl alcohol copolymer as a
thickener in an ink jet coating composition. U.S. Patent 5,494,509 discloses clay pigment
coating compositions incorporating a polysaccharide thickener. U.S. Patent 6,746,713 discloses

ink jet recording media coating incorporating a polyvinyl alcohol polymer and boric acid. The
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thickener in an ink jet coating conposition. U S
Pat ent 5, 494,509 di scl oses clay pignent coating
woanpadids ons i ncorporating a pol ysacchari de t RCTRSZ®S5/019892

U S. Patent 6,746,713 discloses ink jet recording

medi a coating incorporating a polyvinyl alcoho

pol ymer and boric acid. Thedonposition is used in the

production of an ink absorption layer. U S. Patent

4,877,686 discloses an ink jet recording nediumin
composiir£R uB&d inGh@piodudtionusted ials atssogetdohilaygr.abjehPafent 4,877,686

bi nder i ncor(gor ated into the medl.(i&lm UdS. Palﬁ)ient binder
disclosa, an3gk g gecgrdipg Bedsn: Biyhish bers oif sysed £7 8rilifg agwt dor & binde
. Wt h. co | £i.0N%7 ¢ ragi 4 dvtin@t&an@lic Ab&tous webs
mcom%%#%n?%{g}.%g&é‘@ﬁ&p&%@g‘??’ %ﬁﬁgﬁm%éy DI SCL%SURE [ 0006]
with cohpositidhsmcoporating gobiviy] alsobdand bgrie 8ttgosi t i ons,

net hods of applying the coating conpositions, and

articles of comrerce incorporating the coating
BRIEFGYERORIPTORSOT THE DISCLOSURGTPOSi tions descri bed

herein are useful for coating a variety of s bsf]ratles h

H{6006ipr oViais diselospisaalates de contisls SPMAPHBINS HFthors phapplying the

. bstrates. The. td it] i "
o LS TR A R REST A WRakop i T

coatingséﬁrﬁlﬁﬁitﬁﬁ VEIcEBEd hérsial duelinsedul cbvgnatiag d varigthiiof kelysgates to improve
: syst

em The thickener systemjncorporates a. oI&XCV'

|
the apshuDHOANTS AR A eSS RER. COH AP IR P WoT St e ERpete 2
pigme@%yﬁgélftﬁert%?%%e J 0004l kR G vhRkS o8 SatabRYSERMs! mcludifdtlig and a

Increase the viscosity of the coating
thickee@BPR&h! The tHitkenegdystel mbomnratesc foioiid éicopekpalymer and a boron
water retention characteristics. The thickener system
containigg GaBPRHNdYCHAORITHAAh al ter native to conventional
{ BN T HRLIGHE: RS isToed @beaatl fdnaompake tisondly of the
e thickener system exhibits beneficial perforpance. .
coating banpasitem thtdugh gaktinekhd provisies PPHEYS WHIEF Kéanlipa Cg%é‘fteﬂstw& The
., benefits, as .conpared t 0 I - £ i
thickepa HRE TS BREL 1 BUORTC PHO SRR S En ey L ARG systgus used in
color Jé)!a{ilgé(&ﬁﬁlﬁosﬁibﬂs.e The tHibienepgistengextdipdentiicaperfochute a
I nde

r such | atex, starch, protein, polyvinyl alcohol .
characmisgicmasgwelbqtﬁdarﬁy%p%atg§ctpﬁé:toétd%epet]['ﬂéoet§gz]()1r¥aﬁ%eﬁct8 g{)ﬁl‘ﬁe&laonal thickener
cg ositions may al so include a variety of additional
compeShiidnent s such as optical brighteners, defoaners, and

0[60681h cony edditionad thegdirhént esd tigeLe]sysemagihe eatingegmpositions
for the coating conposjtions are .cqating s .
include 0TS B eHO AR APV a0 AL ab Al ires hercof
PidoRbpP! ensoh Sshfons whs talsatige u@ET MridEPof additional
S R _ -
components such as optical brighteners, defoamers, and other conventional additives.
[0010] Among the uses for the coating compositions are coating substrates such as

paper and paperboard to provide a smooth printable surface on the substrate.

DETAILED DESCRIPTION OF THE INVENTION

[0011] This disclosure relates to coating compositions and methods of applying and
using the coating compositions. The coating compositions incorporate a unique thickener
system that exhibits beneficial characteristics in comparison to coating compositions
incorporating conventional thickeners. The coating compositions are generally aqueous

solutions incorporating dissolved solids that include a pigment system, a binder, and a thickener
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[0011] This disclosure relates to coating conpositions
and net hods of applying and using the coating
woanpadids ons. The coating conpositions i ncor peCatus2@s/019892

uni que thickener systemthat exhibits benefici al

characteristics in conpar|303 to coating conpositions

i ncor porating conventi onal i ckeners. The coati ng

conpositions are generally aqueous sol utions

|ncorporat|ng di ssol ved solids that include a pignment
systerg.y &t @i erabasiimerity the gaueoss chatiigeaeapesisiorminconporsigfrom about 60 wt. %

t 0
T S ———
about 36tvetl %S«iﬂ todbsodids dm@hdf fr@ﬁﬁlﬁé‘ bihikg spitempaid By about .§ AN to about

bout %.t 0, abo % of total solids
> wt. %’e‘?fg@@ S‘i‘l‘rdéﬁf"tlYFélfg‘i’ t?l lﬂ%rﬁ’s@ﬁd from about .5 wt.

A 2fbouty Re ‘é’fnbo&lﬁﬁgnt ttﬁé @éa‘uﬁ% cbﬁﬁgsqg&ﬂsvc%ﬁlpfrfsﬁ Boblbout 40 wt.%

|ckener system I ment
to aboa:lb a7 iwgo ablopd solidso rils acscrrqndlesé)oﬂnmnt abeomatm@ cutnpésitions comprise

from FRRY ko Pty BoREEET PoniaSiabitdioe b FHBRBAETS, U cogine

compdsitidReinpeide Womabelit $0Wwabs ®UbbEs60 \lvf‘%fbfttJS‘tM $blids. The coating
enbodi nent, the coatln%éconp03|t|ons conprise from

COMPRHERRS IBAY GHMMASE Stoabhnut 89 wins te dout 6 wt-Yswiterin onﬁrwénbodlment In

anoth«%r e%ﬂbor&%&@gﬂﬂ\%%b% } %a r&%&r’%ﬁggﬂéﬁt E@méf %ﬁ‘?‘%%utﬁo A> to about 55

wt.% eatodimeiiisd énftedanait thg coaingashiposifisndmyy WﬁﬁlﬁSeS@OIﬁ rabmt 40
about 38 w, % to about 55 wt.% water. In a third

wt.% Eahout AR 70 WA -coat i ng conpositions may conprise from
a*[’(fﬂit.’;hdfo ’I"ﬁep{ Qntasglgt'gﬁnﬁ ¥e setbd ﬁ?(gm a[1 ggg%len?lé]}?stem useful for

pi-gnent syste selecte on1any Imgment” system
substra’@@baﬂmg omsshsns. aEeemplaty smo'gahle mlgm;erlts ansquddae dppersions of coating

i tabl e n gt.e .agueou ersi ons of coati
erade Ayt ek oy B iy ALK A S B g BT PR B0 e, el zine
sulfaté, alihiainCRl QNG Eumbski dd i¥hStibnf Jﬁ\b@mt 36y sighREmBkaRL Sad mixtures
al um num sul fate, cal ci um oxi de reacti on product s,

thereoft Frepnes¢mbqdimentathemigment susiem i sanoprised phairleast 90 wi. %nlay.

i@@ n%f 11%}'9(? F}%"%nﬁg%’iﬁaﬁ %fﬁ Hga?’rgé 1"39 {rﬁgl Al FT% P Y% to

about 9§ Sﬁtﬁ}moﬁﬁy: sohdef the chatimmcahPusition) Idian%lie@ embédihleﬂﬁ the pigment
.% of the solids of the coati in ngﬁostlon

systena FSD 1FEPPERD RANERA VT %% Hoatoug R t-® s9fstb t#é?hébb?ﬁﬂl? §eating
comp@ﬁ?ﬁ’éﬂ with, thE bﬂtié g@ggp%onﬂﬁlsm%f%l fab%l!ljtel $05:ab aﬁ&!tt' 195w, of the total

doati ng i nder’ sy
solidsed ml[n'acsmpmgltlfonmndamtﬂmfrom abboufdStvet. % bo attout 6 W\‘/t%%’cf dfe tbtaksolids of the

comp el LS W ERIRGFR O ,2nd it from abou

CQUMSH! tiPHE ddrhes) Hef RIBctddrdnh K 8Pl YiRde® Wheful for binding the
pigment particles and other solids in the coating composition. Exemplary binders are natural
protein materials such as casein or soy protein, starch, or synthetic polymer emulsions such as a
latex material incorporating a styrene butadiene, acrylic latex, vinyl acetate latex, or styrene
acrylic copolymers, or natural occurring latex materials, a polyvinyl alcohol polymer material.

[0016] The thickener system incorporates at least two components. A first

componént is a polyvinyl alcohol polymer and a second component is a boron containing
compound. The polyvinyl alcohol polymer may be a homopolymer or a copolymer

incorporating at least one co-monomer such as ethylene, methyl acrylate, a vinyl amine, a
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[ 0015] The binder may be selected fromany suitable
bi nder useful for binding the pignent particles and
wobihmroisaBi ds in the coating conposition. ExenmpCafug2005/019892

bi nders are natural protein materials such as casein

or soy protein, starch, or synthetic polyner emnul sions
such as a latex material inéorporating a styrene

but adi ene, acrylic latex, vinyl acetate |atex, or

styrene acrylic copolynmers, or natural occurring |atex

carbox%ta%{c%, Blsichél AR dWhylalseahwkh ROV nEEEstdrRbLlpRd-branched
0le] The thickener systemincorporates at |east two
carboxylempalsdraying pand & totl lcgrhonriéqns 1§ agalk?@ﬁ%/@q)rﬁ)ﬂesglpggﬁ gerformance

ol yne nd a i i
iSRG T i 0
heutEpo! yhEihe@mbddiamo) therpslyvingbalparohpolygpest useba st aggoedance with
e e S S Tt B ST e B i
degree §§fg(§l&§l§ﬁyﬁmnaﬁ éﬂs./)b Y0085 hisdu® 4%)"00,33. RBahbsrResblecular weight of

I C acl aving 5 and 9 to I1 carbon atons are
about 18y00ltaabeutf00100RemdlisifrowrbPel §omaterte so Frayg 92 Osnelade pydrolyzed.

t he desj gnations VeoVa(r vi nyl camn . :
In anothey areSHERS: ITORTY T R Rab A RREReH SAtEot i Aopgt pglymers having
weightgg&n%gé’hm&)&hmme af abut 124800006 deqit e 86000 t he

sitions, products, and nethods deggtiged her?iqy .
0181t he The bbxonicagtattizg RRROUNG cprEponexyt dr psigp inthe t ickener

ol ri.zatj on of . , i
s T B R e B R Shbouns
boric adR0nRaRi baek, ibsrohrteifuadiey boiSarthyadgmpymbatroes; p&oxgborates,
nol e % hydrolyzed, In another eﬂb di ment,. thi ckener . . .
boranes,ypdamtiesethgicgtl LB FORABN} %@?foaﬁﬁ’&ﬁ‘&?ngpc&%% 15 botie

id. T3 . halis fdie kdRbsrafébhydrate (borax).
acid. Ilff&?@]gbg\@gggglg%ﬂ%g%? OO.lﬁ[fd(%]Olés] The bor on acont ai yn irn% ( )
The botepaupshndampobeantded o thi polywiiybalcplolichatingfosralatien or it may be

system may be sel ected f | et s

LTSt B S0 Lo LS8 TRLA g o
n@bi‘ | banatiyvRe) aRokdligoly#driade bokardoataaiy compteind combination
pyr

obor at es,” per oxobor ates, boranes, and njxtu& S . .
is useftiher atickeher togentertlouyiprsity of the cBEIRE OB EOR; Sls viscosity

conpound .i s, baric acid. .l ' fnd & ] .
e T e
the polyRefyR%lcohdiNf 1RGO MGEITDabG STt Hoeatadueitoartdie available to cross-

pol yvi nyl al cohol coating fornulation or it

i b s & P GEOI| SRR eGP e TP el AT PRt

borateggFig(g Ig% %?%gflré)gg% F%H YW ailabie ?Mrossilﬁﬁar@, fch-ﬁ|§ @elation caused by

pol'ymer and boron contai ni ng .
borateGORROENE s N Bdatng ths pokyeinyl alkshal, 2 beltekeqating gpmposition may be

producaddbpienpecatil Pnehia S saer At B e RETHETSh of a
¢ ﬂﬂﬁ'ﬂfx bgt WRENAQPIHove, iR Bnd B bONea) e t8fabbRisiofithe coating

composition may be comprised of about .5 wt.% to about 5 wt.% of the thickener system solids.

In another embodiment, the thickener systems solids comprise from about 1 wt.% to about 3
Wt.% of the total solids of the coating composition. In turn, in one embodiment, the
concentrations of the solids of the polyvinyl alcohol polymer and boron containing compound
components of the thickener system may range from about 94 wt.% to about 99.98 wt.% and
from about .02 Wwt.% to about 6 wt.% of the thickener system total solids, respectively. In

another embodiment, the concentrations of the solids of the polyvinyl alcohol polymer and
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t he pol yvi nyl al cohol polyner. At pH s above 8, the
borate ion exists and is available to cross |ink and
woamsdigasl i ng of the pol yvinyl alcohol in thePcoaisSzmg019892

conposition. At lower pHs, the borate is tied up by
hydrogen and is not available for cross-1linking, thus

gel ati on caused by borate i®dn is reversible. By

borating the polyvinyl alcohol, a gelled coating
conposition may be produced that can be easily applied

bt QehdRind 36RebRshts @nidRors bt %6 wt. Wb ab{nﬂ(%()iyt o%sind about
bOﬂmcdl(th cussed above, Hl?n one enbodi.nent, the totya sol i ds

2 wt.% of atime4 6636 iohhedbielsenst sYs6wn L) SBEdG SBPYSEN - of about
%9 59 129 i ted into
T e iy e
the coaﬁlﬁé ¢<£iﬁpcfslﬁmralttaaeofmfmmﬁmm frdm wbo w0, @ e bré t@hmﬂ @%fm % solids,
the total solids_o { e coatin [o]0) osi t.i on.
s s B B SOHE e eELSRRaf TERESf g ot

%Q \QAmehd R baRskopsiraRd aotia cmafigg formulatlons
embOdlmt%%t Qﬁ)é %AIIJOH%%%{QN 5 g%&t he t hi ckener ' stem nay
ata corfcéﬁ)ﬂﬁataino:lftfrcﬁﬂ bt G5(116 el Bl ab@ED AR SR s RS e total

% t bout % t t
weight §§ﬂ}eds§hd§ %fgtbg @{Og%? §7omP<hne§ oIﬁthgl}l b glg]&ﬁrrlé%ctﬁ%%ﬁﬁ MettRtcH

contam‘ﬁ%j&ﬁﬂécﬁﬁﬁ'n?aﬂfsbe‘?lhcéljﬁgra&@'1ht@3h@éoa1tlhg faaiwationy bt at@wohoiation of
andboron contai ni n nd C@Irrponent Shi afn[& lids of
from aﬁicnxb moasom /66 ahpuvh. D whiShelidsbiged Ypah e ApELY I8 g solids o

Ft 4 wt.%of the thickener systemtotal solids,
theplg]:ngg‘bgé m/ely [0021] In one enbodiment, the boron

qegigi ni Mee GACRAUNG sters describad bereor funetibr astwelt prebetter than
coatin COTTpOSI tion at a conce om
conver(mo@@]_thx%keneyg sushAs Hrateln, ¢ %ymeg%yiqﬁﬁlpg)ge E@X@é O&gugl?] Q]{ghnates and

IR0 1R RO MEIKen& sybtegis clogiribed herein are
alkali S%ellr%osio??%a%m? ﬁ&g ? ]hEeErS gdgo%l ment , thfe1 bsgr on

availabl© Bt raiict Togvet ongmﬂmdthnwoneentm@lrtb@kmeé% thesely prR@iding substantial
coating, f rnulatl ns concen of from about
cost adyaBrag ST T FRRTHOUE: 6 BES 5"@51?0%1"1@‘%

based upon

t [@925 ot alHd’Wévgp l3thé3glﬁ01§1‘1;1ﬁy15a‘1)éc:'tharmlf bordrecqitgnimgtcompound thickener
Jnent I'n still another enbodi ment, t

systemscai&t;(albed hgregomap @k bewpmpine ﬁ@@rﬁ%‘i"%ﬂt@&ah tﬂ{c&}eqq% such as protein,
carbo%(&?gﬂgfqgallu?@enggﬁg@g Bcfsch@{’x 8%11%9@50 %{HS F&Sli QRe1@bld dr Qgécﬁb@?blyacrylates

based
When'[bgltnﬁ rﬁeweﬂhg Rbly@inyl BRoksllahdbowh cbhtalrpmgcmnpmglylgﬂm@ ner system

LI_
et o 1 BB A g e

S SucC

in oneaqngti El elgc??ﬁ a o el %@ &y(n%lco}ﬁ)@dhdlmnon contammg

smella e or reactive .
compRAMYARketEsem Mbn@umrfrom Reout B s &h & abpyis B .V of the solids of the
descri bed herein are avail able at nuch | ower costs
combippdthieleasesYsERvent i onal thi ckeners, thereby providing

S f(ﬁ)%lfmt | Ble thickener systems described herein are useful to produce coating
formulations having controllable viscosities over a wide range. In one embodiment, the
viscosity of the coating formulation may be from about 2,700 cps to about 19,000. In another
embodiment, the viscosity of the coating formulations may range from about 2,700 cps to about
10,0000 cps. In a third embodiment, the viscosity of the coating formulations may range about
2.700 cps to about 5,400 cps.

[0025]  The thickener systems described herein are useful to produce coating

formulations having controllable viscosities over a wide coating composition pH range. In one
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cost advantages for the manufacturer of the coating
conpositions. [0023] However, the polyvinyl alcoho
wanaemaeras cont ai ni ng conmpound t hi ckener syst eRET/US2005/019892

descri bed herein may al so be conbined with

conventional thickeners such as protein,

car boxynet hyl cel | ul ose (CNCﬁ, sodi um al gi nates, and

al kali swellable or reactive polyacryl ates. Wen

conbi ned, the polyvinyl alcohol and boron containing
embod &g aba thidkehekssrms systefnl cooprtios escdsityrafl dirowsatib fanmudstions

e, b S S0 U BT o e
controle\H&%giWhﬁ .cgﬁﬁﬁ%hﬂﬁﬂhﬁ&ﬂs RELHPAra@RGbITW @8 sont ai ni ng
conpound t hi ckener

system conprises from about 60 wm.%
to about 80 wt.% of the solids of the conbined

1 hi clﬁger sistem [ 0024] The thickener systens
Exper i _“ fn are useful to produce coating
f[_ggjg.]l aj iceRgolemhmeati GOt visd thalidl®dwihg caspinents waseprepared:

wi de ‘range. In one enbodi nent, the viscosity of the
(1) S3gatts nfNPot o8y ati on may be from about 2,700 cps to

bout £9: %09 /4 | (RS cdfiedi3650%hiab1Ofrom Air
@ lgﬁ@HES%?PgEQ?gwﬁﬁﬁggkgﬁéxﬁggﬂggngeE%%on1g%out 2,700 !
ProducPsnd Oheioals, 1h0,)0000 cps. In a third enbodi nent, the

O e e Sb Bduvoson2 pa o S8 E AR AREAERE, a a prof
5.0 to?%fchuﬁ’ﬁﬁﬁgetrlaggga'é?ﬁﬂleff?drﬁt%laﬁés% etfisdis)t 0 produce coating

aving controll able viscosities over a

(4) Avdlsl sohdd ¢ongetotiposif 6B%rwasHiaugaitde. | n oneenbodi nent,
the thickener systens are useful to control viscosity
of the coating fornulations over a pHrange of 6.5 to

90827] N QS MerCRRBP bR Ation ithefdlontkestadies yeteerondasted:
useful to control viscosi té‘ of the coati
e

(1) A& éVmelatiang{Paiceicid (PHmokh gauwt watep Wwas agﬂ%d to the Control formulation
I qrent al | A cRLY9A632 508 1020 15%, and 0.02% boric
at1,1 Exoaﬁﬁlﬁdgﬁ TEH r‘%’%e?‘n"gl ac%rh %gf?%FF%W n gizc olponent s vv&"san ’
acid bi¥e@ Rameshert Lyst&3 spadd) sTidé piloedite vhayepe@pd I8eptimes tofheck
et hyl ene vinylacetate latex (Airflex | OOHS
reprodgeipHEyci al |y avail able from Air Products and

&S00 2 1 35RO WeRLYChar8@ s {i¢ipFt esitiolling
) %]&%%2%2%@%9%5 @24% sol i ds and 20 C, and a pH of
additivesO t07.0, commercially avail able from Cel anese

3) {(\:héﬁbntgcgg? gtu }4 Zm‘ﬁ at r%}lgae! ofsﬁé) .{od93.0 G %&Q&L{c?e'ﬁi t8 %b?efrvesﬁ%’e%&s on

viscosity on the various formulations.

[0028] The Coating Formulations for studies #1 and #2 were prepared by the
following method steps:
(1) The dilution water and defoamer were added first to the clay slurry.
(2) Latex, polyvinyl alcohol polymer, and boric acid were added under high-sheer mixing.
(3) The coating was mixed for an additional 10 minutes at 1500 rpm after the additions were
completed.
(4) The initial pH was recorded and then adjusted to a pH of 7.3 under continuous mixing.

(5) After reaching the desired pH the coating color was mixed an additional 5 minutes.
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[0027] Using the Control formulation, the follow ng
studi es were conducted: (1) A 4% solution of Boric
waehw/oi19@s nol % bound wat er) was added to the Cearmskoos019892
fornulation at 1, 1.5 and 2.0 percent based on dry
parts CELVOL 325 (0.01% 0.015% and 0.02% boric acid
based on pignent system sol7ds). This procedure was
repeated three-tinmes to check reproducibility. (2)
Sol utions of 2.0% NaOH and 1. 75% NHAOH wer e prepared
fro2bie pHCcRRtif@fdrmtbitiad %ﬂthe/pﬂ ladds} stAdpHistesdekbelstvunhs
Wth a range of 7.0 to 9.0 was conducted to observe pH
preparedfblydlie prewiouy mr;ﬂ@siu wigh & felleving exesBE%Sr nul at i ons.

€)) N{ﬁé 0 Zg%)tf;lé gl% hK?fFl@%{' :{-ﬁ{l bg NSy HAT arkf 210 b@l%efft(go)rférh@ﬂ#(%ased on

oW met hod st eps
drypvgﬂ)wvdsqmd@ater and def oaner were added first to the

clay slurry. t ex v coh d
) ThopHotd St ha augh HAD Y S“?%OéﬁLO‘?‘ iy 3¢ sl 75 8.0,
85and09)5‘t' ng was m xed for an addltl onal 10 m nutes at 1500

r'pm after the additions were conpleted. (4) The

|n|t| al pH was recorded and then adjusted to a pH of
nde nt i puous ;
§odadleq  Su e BRE pEe P ekee B o fitEl el AR nd e njgh sheer
mixingrnbglaét\ﬁére LO0R8d Hheycaalkd Bl Reidelelt.iTir fHbewingeegd-vere run on

er study di scussed bel ow was pr.ep aredégy t he
each fopmaianouspm;enwwwetsnh@wdf%mpléﬂﬁlﬁ 1%?5?%1%%" B (1)

YBRSL, Dhe sl AL Mgl LY phSORLiFYEHL 1316 2, and

1 C acCl ase was mad e

" FIG. 3( 21G.The:chids die xtlmsﬁy um}ramemgwﬂsctadf a@‘u@a hpnon cRnRiiNa@pound

to the follow n

to the m@safomwéaﬂtoaﬁ i ol Griorwgie e adiie s Rt compositons

to Whi(%e e 3@%‘ &)gta?lﬂ?g @iﬁqﬁéuﬂa' 15 be ReRK i rhtiteh to@Rd SHWETIER dvaipositions.
I'n an boric acid | evels. The follow ng
FIG. 3tresirds the mnomlmhtye:aﬁﬂm Yiseasity aehapaingsifectsiof pdsliag a boron

con S5 e 0BRSS ARBERRL Y o 2,cP (0085 e

FI:O@BZ 1 AsGoted 1nEFBG El4a in&easklifovistosigomsd®tddor all of the boric acid
scosity enhancin effects of adding a boron

additiondavels tahgermvpoaied. At 0.02% boric acid coafing viscosities were 67% higher

than the control with NH4OH and 117% higher with NaOH.

[0033] With regard to the pH of the coating compositions, as discussed above,
viscosity regulation is provided by the formation of a complex between boric ion and hydroxyl
groups in the polyvinyl alcohol polymer. At pH’s above 8, the borate ion exists and is available
to cross-link and cause gelling of the polyvinyl alcohol in the coating composition. At lower
pH’s, the borate is tied up by hydrogen and is not available for cross-linking, thus gelation
caused by borate ion is reversible. In the pH ladder study, the results of which are recorded in
FIG. 2, the boric acid level was at a constant 0.02 wt.% of the weight of the pigment in the
coating compositions. With reference to FIG. 3, it is seen that the viscosity of the coating
compositions increases as the pH is increased up to 8.5. From this data, it concluded that a pH
range of 7.0 to 8.5 is desirable in one embodiment of the coating compositions described herein.

[0034] FIG. 3 reports the repeatability of the performance of the coating

compositions described with respect to FIG. 1. As seen in FIG. 3 the coating compositions

exhibited consistency of viscosity performance each time the coating compositions were



to the coating fornmulations. FIG 2 denonstrates the
variability of the viscosity of conpositions to which
woOheoslmarsas cont ai ni ng conpound has be added i nPCEIUS2G06/M19892

to the pH of the conpositions. FIG 3 records the
reproduci bility of the viscosity enhancing effects of
addi ng a boron contai ning c®dnpound to the coating

formul ations. [0032] As noted in FIG 1, an increase

in viscosity was noted for all of the boric acid

producedddi fsis08h {haV @k Sorhadatest ehawad i @tz VAtooBit) Rftelroniig
acid coating viscosities were 67% hi.gher th

[ an the .
compositant atel solifls eonignd oFpahd 113 belierrpd et g Ylﬁc%&@@uf’o‘g%@f much
: /th regar | ' ol VRBSsityas
higher tg‘v'fl’% gﬁsoslged vasgé%l’g{ \ba@llleg’?g glli 1?3%@38?%%?%%@3@%? 8%/i ded gy
measuréfiéntfepfopmt i on of a conpl ex between boric ion and
hydr oxyl groups in the pol yvinyl, al cohol polyner. !
357 apodl] bt pep ebor R eses ot Boick U Rgpthared by
0: = k] and cause gelling of the pol yvinyl
referenéa"? 1518[%’1?@?‘{1]1]6?%% coating conposition. At |ower BH S trgq? .
pe036] e i Althowshh thppiesenh jaiebgemanthits dyapiagesipge Ped) deseriped in

cross-|inking, u el ati on ; r ks i
detail, it é@(@ﬁg !bB plgc_ler?tﬂoc% ﬂ]@f’ ﬁ%rolug laaéllgeég: t%ﬁ%s&?ut?%lg,ba:ﬁgggtﬁrtagﬁg% ¢ould bj made
i LR 868 HRcHeGf i invhgtidnonsidefiaad oy thevfellowiag claims.
Wlthoug@éﬁéné%}iz? ant 0.02 wt (‘% of the weight of the pignment
in the coating conmpositions. Wth reference to FIG 3,
it is seen that the viscosity of the coating
conpositions increases as the pHis increased up to
8.5. Fromthis data, it concluded that a pH range of
7.0 to 8.5 is desirable in one enbodi nent of the
coating conpositions described herein. [0034] FIG 3
reports the repeatability of the performance of the
coating conpositions described with respect to FIG 1
As seen in FIG 3 the coating conpositions exhibited
consi stency of viscosity performance each tine the
coating conpositions wereproduced. It is seen that the
fourth data set shows a very high viscosity for a
coating conposition at a solids content of 58.6. It is
believed that this viscosity value, that is nuch
hi gher than the other viscosity values, resulted from
a fornmulation error or viscosity measurenent error
[0035] Al patents and publications referred to herein
are hereby incorporated by reference in their
entireties. [0036] Although the present invention and
its advant ages have been described in detail, it
shoul d be understood that various changes,
substitutions, and alterations could be made



wi t hout departing fromthe spirit and scope of the
invention as defined by the follow ng clai ns. CLAIMS 1.
W@ 28060031948t € coati ng conposition conprising: (&BLTAS2005/019892
pi gnment system conprising about 60 wt.% to about 95
w.%of total solids of the coating conposition; (b) a
bi nder conprising about 4 wl. % to about 35 wt.% of
total solids of the coating conposition; (c) a
t hi ckener system conprising about .5 wt.%to about 5
wt. % of total solids of leAKMS&ti ng conposition
conprising: (i) a polyvinyl alcohol polyner having a
degree of polynerization of abouyt. 300 to about 4,000,
. nol écaibairataspeing OMPRBHOR CABPBFDSt 0 about 200, 000,
and bei ng about %itoR + L 9 P
@ ATy R e it PR B0 o8 45 A oF arop SPioRe Solds of the
coating®onffositiohot al  sol | ds of the t hi ckener system and (ii)

0 Eaimbne ot TR SR PO

.em wherein the coatl ng conposition conpri ses from
Compogﬁ&[ljt 40 wt. % to about 67 wt.%total solids.

2.
(c) subkkemt systantcbmgrisiogpbaitt wh%oto abpal vt Yneitpial Scélds of the

viscosity of about 2,700 cps to about 10,000 cps. 3.
Coatlngﬂ?én%k%’ﬁlrc&?@”@%tl ng conposition of any preceding

[yai mherahi didobil pReciRRiR ddigeceliTobunetidatioppatent 300 to
| a concentratl on of about 001 w.%t %{)858& (% bout 88.0
vafoo%‘beOQ, hanelotularsveightiohaboit REIOP 1@ glqus i being about 88.

Sty at 1y Y6 6 Mt 99.98
THarh B P30 Mbip HBRRUIEAL cltnp il BEGEDA WIS

Sﬁﬂ%Qife@tafsrdbmbhfheghnolcqmer:m@mstanchg of clay, titanium
di oxi de cal ci um car bonat

L o
Jii) f ataebpn pw@‘.amg&ctop}mu $ g%gl{lslnggmat%%m@ \sfh{ tg F.?OI{[ %% of total
Cs%ﬁ gg gffehglﬁlngﬁenepgggtéﬁ xtures thereof and wherein t he

er conprises latex. 5. The substrate coating .
Cxom“teml thé oontinf campoptier extiprises fraimativat Hhyt.&o %’Hbeﬂt 677 yt.% total

to_ 8. 5.
solids.

2. The substrate coating composition of Claim 1 having a viscosity of about 2,700
cps to about 10,000 cps.

3. The substrate coating composition of any preceding claim wherein the boron
containing compound is present in a concentration of about .001 wt.% to about .03 wt.% of the
solids of the pigment system.

4. The substrate coating composition of any preceding claim wherein the pigment
system comprises a material selected from the group consisting of clay, titanium dioxide,
calcium carbonate, barium sulfate, talc, zinc sulfate or the reaction product of aluminum sulfate,
calcium oxide, and mixtures thereof and wherein the binder comprises latex.

5. The substrate coating composition of any preceding claim having a pHof 7.0 to
8.5.

6. The substrate coating composition of any preceding claim comprising from about
33 wt.% to about 60 wt.% water.

7. The substrate coating composition of any preceding claim having a total solids

content of about 45 wt.% to about 63 wt.%.



6. The substrate coating conposition of any preceding

claimconprising fromabout 33 w.%to about 60 w. %
woabwro11948 The substrate coating conposition oPCamg2005/019892

precedi ng claimhaving a total solids content of about

45 wt. % to about 63 wm.% 8. The substrate coating

conposi tion of any precedi ntP cl ai m wherein the boron

cont ai ni ng conmpound is boric acid and is present at a

concentration of .01 wt.%to .025 wt.% of the total

ol i dg I@fsubﬁﬁt%@ﬂﬁ@to@yﬁtem oi&ny“@l’@edmgstalmt\dlewatherig)ron

conposi tion of any preceding clai mwere o
contams@&mmw Fpy bartcsacabest is ?E?SW% a%tc%m&%%ﬂms‘g {)\f“% b‘%nﬁﬂ%“’t %o of
1heﬁﬁ%%5ﬁﬁs ﬁ@ngg 8}g@n{:oatlng conposi tion and wherein

sys m conprises at |east 90 wt.% clay and
wher el’l]’hetshbstrmé yositing kompatiod oﬁmb/wm@edmfylaamrwmeé@u tlzg- pigment

systemwggaplfs%s? afé)oggz(y yvﬁg/z @ Oggéﬁ?va‘g‘% gffctheaﬁﬁl ds oé*?l;;]egc 2? gcomposmon

and wh\@%?ﬁ &l 1£1B§ntt§'y§‘t@§1rcoﬁﬂﬁﬂ§é§ S Sast B €X% élld-y a@ﬁhé&hﬂﬁ&h& polevinyl
ating conpoSition of Wé precedi ng cl ai mwherein a
alcohohpnlgmmahassaethebtﬂeldr feight qf ogtr 1BdP00dn 8bautil 86,086

N e e T

comp riéésl%ﬁe&o about 40 wt. % of the soli ds of t he thickener
Si/ltsatem 12. A coated substrate co

st r Beesubgific coting ceBRPTIHEN ELHpI tg c(l%én \thpwetﬁ?tmal
selecte?%‘%n? HeS cﬁ?’%&(ﬂsﬁﬂﬁggpgﬁoteﬁp c‘ﬁfbo;(‘yﬁl@tl ?p&lﬂtulo%é Jotiiu Skinates,

at1ng conposition; bi nder
polyaceyianps,ianil mgix abesitheréofrontgrises ztput20 85 Ynto, alzzpwf t wt %] of the solids of

solids of the coating conposition; (c) a thickener
theﬂn@?%@%ﬁﬁ@@hpr|3|ng about .5 wt.%to about 5 wt.% of

ﬁ;a' ﬁ%hﬂéés@éstﬁa’&ecoﬁ%%in@g conposi tion conpri sing:
(1) a polyvinyl alcohol polymer having a degree of
) aamhynemmdatlon of about 300 to about 4,000, a

cul ar .wei ght of about 10,000 to about 200, 000, and
) a ‘Eﬁ’é‘PH% CUBBTTNES. 0

(a) a pigment system comprising about 60 wt.% to about 95 wt.% of total solids of
the coating composition;

(b) a binder comprising about 4 wt.% to about 35 wt.% of total solids of the coating
composition;

©) a thickener system comprising about .5 wt.% to about 5 wt.% of total solids of
the coating composition comprising:

@A) a polyvinyl alcohol pélymer having a degree of polymerization of about 300 to
about 4,000, a molecular weight of about 10,000 to about 200,000, and being about 88.0
mole % to about 99.9 mole % hydrolyzed, comprising about 94 wt.% to about 99.98
wt.% of total solids of the thickener system; and

(ii) a boron containing compound comprising about .02 wt.% to about 6 wt.% of total
solids of the thickener system,

wherein the coating composition comprises from about 40 wt.% to about 67 wt.% total

solids.



nole % to about 99.9 nole % hydrol yzed, conprising

about 94 wt.%to about 99.98 wt.%of total solids of
woheostohisakener system and (ii) a boron cont ai RCTYS2005/019892

conmpound conprising about .02 w.%to about 6 w. % of

total solids of the thickener system wherein the

coati ng conposition conprisks from about 40 wt.%to

about 67 wt.%total solids.13. The coated substrate of

Claim 12 wherein the substrate is selected fromthe

gROUP THRNSLEH istiktafe FaNGrPDBHHeRMthe aitdfratelid selddtel from the group
~ coated substrate of any of Clainms 12-13 wherein the
consistngrafpaperhoaidiindgagsnmpound is boric acid present at a

ncentrati f 0 . 0 . 0 ..
T
compohbBtoaicecif prageyt fifa dOhednmtidi2 ofl bonh il eitVotitrebait difewt.%o of the

. systemconprises a material selected fromthe group
sohdsg%hgp@m%swere-l ay, titanium dioxide, calcium

Cay, bo nﬂ{eecoaggrsiuHma £ AL S RS 122147 Cheteih fiRd ﬁgﬁfenﬁ $i8tem
reaction product of alumnumsulfate, calcium oxide,
compr'ﬁ?wadma_tetriat sdediibfrentihe géup Trsistiogoé dagbenipar doge.galpium
cnbor g G B . SSh SHpO b (P PREAGEH B cacim
oxide, %d LheuRisgREB4s system 17. The coated substrate of any
0 a

ims 12-16 wherein the pignent_ system conprises
at6.] eaBhe aitagsubstedtagl @y@f\mglﬁgilﬁ-]{ﬁq\@f{g@n%@ h?r;ppc acu? Is present at a

al cohol. pol I cuk: ' %&Ht
concengis, 9686'@0@%&80@5‘@@@83& #gag meh%c%rtléglféssubs't rate of

ayu of Tﬁébadalf%l s'h%sétilafe vhayaifiCline 1Qdbswhertia the pigorept §ystam

of paperboard. . A process of coatjng.a substr
comprisesrpi least A8 ;wt(“/lyla@g@g@ ,\A%ﬁreph ePQhLr yi@koaﬁ)ltm?yéng (;hg? tﬁ ﬁlbolecular
weighCQMRYE 11 LMCAmMBhiSisBY0o( @) a pi gment system

conpri si'ng about 60 wt.%to about 95 wt.% of total

s18.i dsThé cddnel sbstrite gf aymiddainisoh?-17 wherginghe gestrate is comprised

conprising about 4 wt.%to about 35 wt.% of total
OfPapglgﬁoﬁld]s of the coating conposition;

19. A process of coating a substrate comprising: '
(H coating the substrate with a coating composition comprising:
(a) a pigment system comprising about 60 wt.% to about 95 wt.% of total solids of the
coating composition; ‘
(b)  abinder comprising about 4 wt.% to about 35 wt.% of total solids of the coating
composition;
(c) a thickener system comprising about .5 wt.% to about 5 wt.% of total solids of the
coating composition comprising:
@) a polyvinyl alcohol polymer having a degree of polymerization of about 300 to
about 4,000, a molecular weight of about 10,000 to about 200,000, and being about 88.0
mole % to about 99.9 mole % hydrolyzed, comprising about 94 wt.% to about 99.98
wt.% of total solids of the thickener system; and
(ii) a boron containing compound comprising about .02 wt.% to about 6 wt.% of total
solids of the thickener system, ,

wherein the coating composition comprises from about 40 wt.% to about 67 Wt.% total

solids; and



(c) a thickener system conprising about .5 wt.%to
about 5 wt.% of total solids of the coating
woaopasidson conprising: (i) a polyvinyl al cohetT/us2005/019892
pol ymer having a degree of polynerization of about 300
to about 4,000, a nol ecul ar_ wei ght of about 10,000 to
about 200, 000, and bei ng abbut 88.0 nole %to about
99.9 nole % hydrol yzed, conprising about 94 w.%to
about 99.98 wt.% of total solids of the thickener

gg)st eréuryﬁg!dw(doa‘bm@cdamdsmouont ai ni ng conpound
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coatingcn@sitionpn. 20. A printed substrate product conprised
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compoﬁ%hds of the coating conposition; (b) a binder
conprising about 4 wt.%to_about 35 wt. % of t%ial,
(©)  schickenayisysthm comarising abtpbet-¥4 rebopt) Wa% f teledpdids of the
m conp ri sing.about .5 wt.%to about 5 wt. % of ‘
Coatm%%inéﬂ’os tbqnl OP5F ™ Ehe coating conposition conprising

(@® ) a ao@lwhgabfdlcof@bc%hmelgmw ddpaed mﬁpoétyrdagaaaen of about 300 to
neri zati on of abhout out
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M/t‘%afftothbﬂcéﬂdssﬁthledﬂsclcﬂnet h@tenmlaéiﬁener system and (ii)
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thickener system.



