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In some implementations, the eraser includes water, alcohol (e.g., ethanol, n-propanol,
isopropanol, n-butanol, isobutanol, benzyl alcohol), alkoxy alcohol (e.g., 2-(n-propoxy)
ethanol, 2-(n-butoxy) ethanol, 3-(n-propoxy) ethanol}, ketone (e.g., acetone, methyl ethyl

30  ketone, methyl n-butyl ketone), ketonic aleohol (e.g., diacetone alcohol), ester (e.g., methyl
succinate, methyl benzoate, ethyl propanoate), acetate (e.g., methyl acetate, cthyl acetate, n-

butyl acetate, t-butyl acetate), or mineral spirit.



251 n sone inplenmentations, the marking and erasing of different information
are perfornmed repeatedly. I n anot her aspect, the disclosure describes
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by ASTMomsthsyl G 154, for an extended period of time (e.g., up to 2000

hours). The coatings ,do not. require. UV |ight or. high-ener r adi at,i such
as & beam of ﬁé?%‘f ﬁBWSIPGF%ﬁ‘O‘&%ﬁ?En%’F“ﬁ%&&P? Eoe?pé’ § m?ﬁnhhas?’g%e?q?{%np%go&g%? gg{Lons,
light, &f9goCsWY d iledtthaPiboead gﬂﬁafhe)@gt),i | ized to enhance the curing rate.
The coatings can have a reduced 25 tendency to run, even when applied upon

a vertical slbsupatepleggnfatiens, groeatiss conbe PERRIHY wabipaetbaeng gr more

adj usted. . The wr{ tii r.f f i i

cont | nouahiR B EPR bR A58 b OEoRR R B S BpOU EL AR U nlNE

or gani cm%ed Mmatdrdisinduaing dileor hivee Gafunbgsen arodpaee. . anllodrgod)osi ty. Surf aces

of the coatings can have a | ow r,oug}hness,. . The coatings can b? inﬁfd(;t
restistant. THESEBAHPRIGECEHHOR PHEEE SERBNEE HFPIesr 24976 A e S IngHdingrene
30coal | R0RofA8, REndRhaf S¥Eb Yo Oh ERRYanald) e 884A NSt CBAkNRY. 2@ il O or

chem cal Tresistance. “*Gdifing” as u eg herein refers to one or nore of
sol vent mevamateataiinclading ong)or mardiGit fonotiedfl @cved e@urdantydreod) esdence,

catal yzed pﬁl ereri zation, oxidative cross-linking, or other nethods of
cross- | FEIRPGGOMamEr. = Appj ent condi ti ons” as used herein refers to

noni nal , ear {hs hauidpeaRdttibRThASnd HeMofhiterials 18@a8dih8¥EAL ofinole EMPET at ur e
of about 45-130 F. A "wat er-based carrier" as used herein is one that
doe%n nofunktivealmpow (ehanamslioxdbatsg incledes\aotrasslinkingragentihevingripaadenaliyocs) |
as determ ned by the EPA Method 24. 5" Substantially invisible" as used
herein ¢ 1i"""é’r%"¥%m§r'col or difference, Delta E (-E) of

In some implementations, the one or more materials can be in a water-based carrier.



| ess than 10 as cal cul ated according to the ASTM Test Met hod D2244.
"Allcyl" as used herein refers to a saturated or unsaturated hydrocarbon
containing 1- 20 carbon atons including both acyclic and cyclic structures
(such as nethyl, ethyl, propyl, isopropyl, butyl, iso-butyl, sec-butyl,

pentyl, hexyl anGié&! RPEQPHE disehRRRUbMibes GYhERPE B MangdBiy pleodiming! |
propenyl, butenyl, cyclohexenyl and the like). A |linking dival ent alkyl

group irfomedtmmrindufingssleanng amijtaeraspbigprodist. erariyng iee Wbl Paidland t he

li ke). . sed herein, ‘aryl" refers.t0 ' iC
N T R e R S SR
napht hylish B8hHIAGE MHicriAnaBang Heatking ¢t itst infotemidn (candytdpelyingan | n
sonme enbodi ments, aryl groups have from6 to about, 20 carbon 15 att?a%, from

6 t® abuager to3he writtie-gresaie swrade) Samethe svripblgrerasgblesriasce tahgsrbstan As
d herei.n, "aral kyl " . | s - vl .
L

- 0- al kyarkiing & theekefepine irffbieationdicnl s wriedblleranahihimeface a1 bosupstaptialiroxy
(e.g., n-propoxy and isopropoxy), t-butoxy, and the |ike. 20As used herein,
"oxyal kgMighE refers to an -0-al kyl ene group. As used herein,

L2 koxyl at o, etk AR thg S0 R XTBh Sk  ord islavie acat at e,

stearate and t as used herein is a noiety that
i ngb Ud@f thed c(mjﬂ/e&ﬁ&ﬁorte\m)atbtyﬁis Dal}cjnidiﬁg Gk c:jrgnor.erﬁancﬂ'd‘lml ypupoindepepdenhs sdegiede
term nal and/or. non-term nal. The roxyl groups .can 25 be.prijmr

hydr oxjfomyfdps. G2, at ﬁeaStA’?ep}B’Ft?ﬂ? é{f%%%ne é%‘nggeetagtﬁ’é‘?]é e W?Peé'bglﬁclf({;a?@?rc or
ol i gomepiLeiRLEl %@:m%&&@hal BElH 65 d et NARSe drd 88 B dobHRI TN AL, epbRide! S

backbone. I'ications, patent "applications, patents, and other
r ef er engethamee pthiybmeoky) end icthydane, whereipihe athaderisyis ppfienadycebdiidrted Withn t hei r

entirety. 30The details, of one ar rei ement ations of, the, dj
are s eth%’fi’éﬂ"tyh FHOEhePT %f????ﬁg ﬂ%r“rp%ﬁﬁhn@%““gﬁanﬁ FQHRES frigieR Fllld[)efl lld?sg (r%&g%fg%\?v.
O her frah %lﬁ;%ag h@ﬂﬂ)xﬁg | L@GBEnM ¢bBIS IRRRAT, GBI dnhdRde) &zifleBe/ gt tham. and

drawi ngs, and fromthé clains. BRI EF DESCR PTION OF DRAWNGS FIG 1 is a
top view of In semictiniplementationy) e gpaingeean be formed-fram ong or groge @Mas@ilsect i onal

view of. the writable- bl duct of FI . . 1A 5FIG 2
"a orBtudedienb arare Bt or R RRenoar Shoirelrsh A ANARLRRG oL

i |1 ust ngjiieskyd gfieiphod 1601 oftehefeinbithe 608 batoramgletialshh GwalerHimsed perispect i ve
view of "a coated roll of paper. FIG 4 is a perspective view of a tablet of

coat ed paperl® storeriBRlgmerEigns, thsmarkingppatenal ingluges 3 elepairnd a3plygt &8 n
Vo ouSy YRR, LI K o g RTOML R SRR . o
w i t ablmemgi@sabl e product 10 includes a substrate 12

In some implementations, the eraser includes a fibrous material.

In some implementations, the eraser includes water, alcohol, alkoxy alcohol, ketone,
ketonic alcohol, ester, acetate, mineral spirit, or their mixtures.

25 In some implementations, the marking and erasing of different information are
performed repeatedly.

In another aspect, the disclosure describes a composition including an hydrophilic
aliphatic diisocyanate or their homopolymers and oligomers, an acrylic polyol, water, and
optionally an accelerator and/or an acid promoter.

30 In some implementations, the composition can include titanium dioxide, a surface
additive, a wetting agent, a defoaming agent, a pigment or a colorant.

In some implementations, the composition can have less than about 350 g/L. of VOCs

(e.g., less than about 50 g/L of VOCs).



and a cured coating 14 extendi ng upon the substrate 12. The coating 14 has
a witabl e-erasable surface 16. Wen the witabl e-erasable surface 16 is
marked with a marking 15 material, the marking material can be erased from
the witabl e-erasable surface to be substantially invisible, resulting in
little or noh‘%ﬁﬂﬁﬁér CC@\{R@dlg&B eHE&%@Q@MQﬂ%ﬁsHﬁ@ rRiut incRiif s about
5,000 cycles (e.qg. out about 50 cycles, g bout 100 cycl es,
about 5ffed y@dtiag exadmiutg 1ﬂpo&1&03ub§uﬁte snd hivouog a zvrﬂﬂﬂe@;ashws surfiipeutThe, coaing

cycl es, about 000 .cycl es,. .about. 5, about. .6, 000 cy cle about
7Y 000" c5peh e VA RSO R G DTS OB 6 TBUETE ey RS PG eand
er asi Ngafky Gy $APR- ALl s%?facér R Mk&d Qlﬁtlh'z{[r)iarkﬁfg thierihlaflelddnes Q@éﬁlora%f the

erasing can be determ ned by neasuring the col or changl0 Delta E (?,E), on
the awi mahdtaalecra:{agl avatary dlecwlimkory dcapddtataphistione tmohfls aser, aset@the SP- 62

portabl e. t r ophot onet.e | able from X-Rit af rk|n on t he
DO § ace APy o bER A REF RIS TR HY b preard Eom T

col or angraéSidsurfeRb BB stan®Bly rve@bléent such as water, al cohol, acet at e,
25al koxy al cohol, ketone, ketonic al cohol, ester, acet ate, nineral spirit,

or mxtures Uhpleawntaines md/&i %geﬁan@vulmlu@fa@nm r@@ﬁ@éﬂmﬁh@mﬂma@mg@%e
I ndUSt r St anda[;gl’fgl(b%l er as b gncﬁerasfﬁb}e The CO%}JDF%S [& Oq)l &/Hf%légﬁli‘ eg %.t

coat i ng o vEny rent Stra Inclhuadi ng

por gus é)ﬁnglt llttll@(ﬁ&f@mﬁigé Uﬂ@ﬂm@g)émsaf&blbﬁ(ﬂbﬁéﬁimﬁﬁa]glm "ﬁmatmgﬂcaneﬁeam Ccs).
The substrate 12 could be a flexible filmor a ri gi d novabl e or i nmovabl e
st r uct sl SBERERFEcndFRnbEapRligssiorany difcruysibshaes.drdudise PPIPIeEs to, a

pol yrer e Y |
(sueh ol tapts) &g iSRS BUHRRIL, nRRekRIE): TEELHARE L BRI
board (suedtioas sﬁbsmltdsebﬂadhdg,ltmt\nbt Eﬂmtbcﬂla) ,old ddilidboatdsig geblaekbsardgon a fi ber
9 board particle hoard (such as a chal kboard or_ bl ackboa ggeéscg%ﬁgum

board, weHEbeardy dewvall axpsumy bareds; plister 48d grakdmlls. ‘Theivast-

al upd nu I T D

str ﬂgct ulr%lo%? §[§ gﬁ ogﬁ%? %}bgﬁét)ev\%lrs}r}éggt C aﬁ&ﬁ%g%ég,rgsgpga Boar dﬁhgﬁh%ﬁeeboar d.
| n sonewtitstleecashle phelstbding maotiattwecdinstacate E@mnmei gibetaated abyngdandi ng

t he 5surface and primng. the surf [or tp a ication of t coati ng.
| SoneCI R G e S R R e Aoy B ERea g WA AaL PR A S gent
(e.g., Qdﬂgsﬁs%%hg% th %a‘ﬂ@z@%stﬁa@espceéfﬁrféfecdﬁ%&l%ﬁts%ﬁﬁ&&bQﬂi‘ixﬁf Y eAeh&eadl Ng to
t he surface. he materials that Tormthe coating 14, prior to the
appl i cabxtondeﬁrﬁtslﬂisﬁer ageup teamuhtves peauot The teatings cin besreadily reswgacsdr (Tihg
which the materials nmu t he subst r.at

o G AU ES R R gl Pt sk R AU % OB BroopisRRER RS 4878 nut s
t 0 aboutanlfsROVEIfowigdas detdrPiRARBUA S B feflodes 154, Bbanbxtdlddqierisd of rara
about 60 minutes to about 8 hours, from about 1 hour  to about 4 hours,

fr om abbug-» 1 KogP0h @taﬁoaihezzomgr%do rmﬁ r@m@rUV Hehe R P &gy Ta‘ilﬁféﬂflfrétl@h aI s
can hav e 2 nt hs,
about 1 gb%&% of! {e% '{L gg m)nghs %%%%n% 0513’?1? ’ rr%huﬁg

15The nuplkey; bthsatchabe ﬁﬁﬁfﬂcﬁ‘dﬁ&nﬁﬂ&bltﬁ@mﬁ‘ﬁ}g 1[0 ITHeppkiicat dag hat©a tétced
substrates, typically cure under anbient conditions._ Curing Plere refers

to Bhe BPEERDSIOGPISHICR VPO FPPHFEURAR BYTHFY SHRYF. SPHREhEoRR! R GOBIEE he
substra e i

sol vent E%Ir %én%e‘t ﬁﬂynét é‘r%?arfg E?Vkﬁatit}l %fsgﬁar?f gthgoa tl aﬁ b%mfa%t?%lﬁ 22%@%%%%%%3 of
crossl i oki bghadofibe theingatar batubstahtislly onpervives tnoalgmmg soivehtadhdir inkat Thot

limted to, oxidative cross-. 2Qlipkin nd catal yzed pal yneri zati

Or oss- | PoRInGS <BRaKEHIOPSREH S AEresitne it o OB ATe can
i nf | uenggGek bah Be %ﬁb%ﬂ%s{%ﬂﬂeﬁlé &Sutiflhs 6RAb AT schicB PP aRRDR RMistant. The

i npl enentations, the cure could be facilitated by UV-1ight, thermal neans,

i ni B9 at orasings car bectlatovel p BamrosThEhawatingycandayas high ehanmes resAgtasnt
conditions in abOth 4 hours

,about. .4 h t bo
to about 24 hgﬁ#lgg) F?gﬁ%dfgﬁ%ﬁueésﬁéﬁpgef’gmgﬁ %fso;@nggxgarggaarﬁgn M’about 12

hours t gadaliiit cfitdioitig, Edadstcakeutatdlvaaypdiomaheition/ o ayse cfrmnma@@g;torz
days to about 6 days, or from about 3 days to about 5 days. The

mat er i apther maethadsofcrse-liokingi ng 14, enit little or no VOCs, e.g., sol vents
and/ or fornmal dehyde, during applicationjto the substrate 12. The cured
coatings 14 can be generally stable and can also emt relatively little or
no. VOCs. The decreased amount of volatile




30 content (usually solvents) and anbient cure can reduce environnental

i npact and can nmake the materials | ess toxic (decreased inhalation and
absorption) and safer (decreased flanmability and flash point) to use. The
reduced em ssion of organic solvents during the application of the

wat er - based CQRIHA SOFHERS ok H8ld e 2R ©3ohAR Ak RARd BAliuBEs koakst ed
from ot her areas} need Nnot ge\mﬁﬁ vgn??*atgﬁ, anazgﬁﬁt ‘'ttle or no g
per sonatxiptr atsexteivelmt egemperemnte oSaboetéd-18d°F.The use of anbient cure materi al
allows for ener efficiency duri t he curin rocess as coppared

curing proce e‘g%/t?rﬁ}%ﬁse 8%}HP¥eaSéﬁ8‘?8§FGWSPH8t§agﬁﬁ?sd$°t Y ROoh B Hh B 3uced
amount s, 0f o O HARL %rg%ﬁl&%%p%uﬁ@@(\?d)@%, headetAnbdey aRses Redmbd 5 of the 5
coating material and hence decreased material waste. Low VOC em ssions and
anbient cur e “Sabstaltially prvisibld? ac ostlitrgsn asfel'sdo awnlar differenceabalbih € (sHy bhces

that have qne aor nore of the desirabl riQutes, such as | ow porosity,
| ow sur fese @é@@%ﬁé@%{mﬁﬁ BROEISHG 4B 6§T§/ﬁ Irﬁi‘tg\_éﬁtﬁo'ﬁ\p&ﬁ“f-aper abrasion
resistance, apg-p Ay WAL AFL9GSS sat!éﬁtéipé%dsﬁﬁ{a@é@%?) %ﬁ'&éa%‘:ﬁl cdnfnigBleri al

has | ess than about 350 g/L of VOCs, e.g., 10about g/ L, about 250 g/L,
about 200 cgbbn atlnouncliBihgdioth aglbutnd O¥chy/stucabesusudiOasghdthyloethel erogyvés s

t han about O. [L of VOCs. Ln other inplenentations, the terial has

bt veon BB G Uaitd BBt S%Lwy : P&M@%@yﬁ@yé‘??roa@ﬂm@ﬁ%gﬂﬁyﬁﬁpw%» and
aboyy 1 iked0 O1ikiks WESH g/ L
and“%bo8¥&é%mg?ﬁ%&§§?hggﬁﬁg%%%?g%%ﬁg?%mgggygﬁéuEg&%mn?%F or g%?ﬁ%%ﬁggiout
40 ¢/ L mfarebows B0 alyienet (suCites cthiylsnpmrepylate andthalli¥e). 15 be substantial ly
free of VOCs., Advant agequsl,y, -when a VOGC.is_ utilize it can.bg a,\VOC.that

| exompt od ArORFORRERY S bR Phatrslit B Pl an bagBRey S ol

gui del i f@Fs) dolatic FRIrBIrbEHERUAR & plenhl MphAGE bithaceh FOPh RN hralyE Gh@iny] OT
acetone. Porosity of the coatings can determ ne the anount of marking
mat er i aindehzl asdthediket Xramfm@l einhodimentso aryl BepupE Ses rpwrtotsi abpupdl esbetages of
coat i ngs, can_.l t [ W | e- -~ 20er asabl rfaces. In sone
ol R RE70 1 Dadby Fipth sR 81 ag Y AR PO b Breen about 1
percent and aBaiskd ABeperaantyl” @fds to ARVIVRBERItakA by aZylp eX:€ eXimsle draibd gkowgb
percent, between about 2.5 percent and about 30 percent, between about 3
percent“ﬁ%@mé%out 20 percent, or between about 4 percent and about 10
e o M kR bURLETROL AP Q%s 1d BE-GORL Ml 158RNIRYR R BERBS LKk

| ess than about per éent, ess th rcent’ ess than
about 3hgiergeathoxy,esspdxlydn gamoprop@ty et icembpotygsisbhithay, aalb ot IR0 per cent

| ess than about 15 percent, |ess_than about 10 percent, |ess than about 5
per éént, or_éV@ﬁe$§5§H¥h8ﬁWQﬁgﬁF3Z? “Hgﬁﬁéﬁ%._ ﬁmgéﬁﬁthecific
| npl ement at | ANS,sel AGHOakIDYyIGRN riiBMGo an RAKPSDYOO Ak alﬁo%@ét@@ﬂklu_d@bo ut

33 percent or about 34 percent. The coating 14 can be painted in a single
coat or apuitej peaateead thedsieng a rol l er, spray 30painted, brush painted or

usi ng ot her type f, appl,j.cators. In.s L e tations, it be

bai noed ust ngt uneS BROLERIR 1S4 wofkyy GG Bt A BoevPaSPEhehEatibns, ¢ he
coating & A d1R0:8/1 bl vk RE8S Be tehmidll Gnd/bfhon-Borfhinal DThwaeAoRPIoH UL &Rl
inch and about 0.12§%E%§%§ke.g., bet ween about 0.002 inch9and a od?}0.1

i ncB§ obepemasehyd&sulterous04 i nch and about 0.08 11 inch, or between about
0. 006 inch and. .06 i r.bet ut,. 0, i : 0. 04
"nch, or bt teak aBsHEn0. 1P EaenRad R EaRes B istartt A e A48

i mpl eneptalidrenimkapd) ENEWAEONQ], 14 itc dackbae. a t hi ckness of greater than 0 005
inch, e.g., greater than 0.0075_inch or greater than 0.010 i nch. Wile not
i nt endi ng t o “YEPHYisAtoNsy PYRY aPRESFIpNS; RateTSs, FBf 0B seferracesTpewiAngs Agreth

uni f or i j .k - . uces the likelihood of thin or
uncoatghﬁggggpggﬁ% or??%ﬁ%hﬁﬁ§§§§§§FE?H§§‘ terial mght penetrate.

I n sone i npl dierdeails ofisne dheocoatplagertdiiasnfhiavdsedofiabeare ssbfati ianhwal ue of
| ess than about 150 / t hoysand cles, e.g.,.less than aboyt 100 .

g/ t hou%?&l&%ﬂ@sdfa‘?%% PAA ?ﬂﬁ@wl?‘ﬁo‘a@gﬁ ieaegrewg? apvesleaen 3l Bout
50 o/t Bousandrdy HEfsclifiith daRaARON amdTrdf dpdbfousand cycles, |ess than
about 25 ng/thousand cycles, |less than about 15 ng/thousand cycles, |ess

t han about 10 ng/thousand cycles, |ess than about, |ess than about 2.5

ng/ t housand cycles, |ess than about 1 ng/thousand cycles, or even | ess than
about 0.5 ng/thousand cycles. Mintaining a | ow Taber abrasion value can
provi de long-lasting durability to the coating, reducing the incidence of
thin spots, which could allow penetration 150f marking material through the
coating and into the substrate In sonme inplenentations, the coating
14 can have a Sward hardness of greater than about 10, e.g., greater than
about 15, greater than about 25, greater than about 50, greater than



about 75, greater than about 100, greater than about 120, greater than
about 150, or even greater than about 200. Wiile not intending to be bound
by theory, it is believed that 20nai ntai ning a high Sward hardness provi des
| ong-lasting durability and scratch resistance to the coating. Marking
material entrapped in SEBRIEPOESCERIPEIONTOF QI AWINGES ase. In sone
specific inplenmentations, the coating can have a Sward hardness of between
about 10 andl@bbiga tpp view gf 2 vrdehlesrsableprod®tand about 70 or between about

15 and about;55, .0 _sone specifi.c i gl tions.. th ogtd n.have a
Swar d har dnerI?' U IBhE T ,loﬁgla‘%%wuto %ﬁpa% 6%@8%%? ‘l"m%ugt O%I#r%a'gldcr%@(en
i mpl emeidat 1003, el ongation at break for the coating material can be

bet ween about 5 percent and about 400 percent, e.g., between about 25

per 8ent and HFodts 2ouspesctient] vigy obe tyedel oftymier ®0e pratisgspd dstrialesat 150
per cent I tions, the elongation at break can be, e.g.,
greatefn?hg%ﬁ%ggﬁgéggﬁggﬁg%gagggieater than 25 percent, greater than 50
30percent, QrGey eda peregdotive WisanoflDapal wélndf.payldd. | € not intending to be
bound by theory, it is believed fhat maintaining high el ongation at_ break
provi des |ong}-C¥ 4413 RYSRAFHEBIIN § %B%hﬁef EQFAEY PRPCraivdmre Tiam Bggol ﬁgF%éﬂ ng
to pe stressae Ao o iRk M Blmifkafi%abAikd daRenr king mat eri al's,
maki ng erasure fromsurfaces difficult and hence decreasing the | ongevity
of the writabl e-erasabl e products. In sone inplenentations, sag
resi.stance for the coating i &l mls, e.g., about 3

m I18, about 4 mls, about Swﬁ%ﬁé%%%%éﬁﬁg?bggout 7 mls, about 8 mls,
about Yhmbiserabbldprdducei | s, about 12 nmils, about 14 nils, about 16 mls,
about 18 mls, about 20 mls, about 22 mls, or about 24 mls. In other

i mpl enent at i drfertngie FEGSt | Apd 14 8 amitahigerasallepmaduet A0 inclustes psgbsteaiold 4

mils t A ol Fr SR bl 4 g%*ﬁﬂﬂgron1about
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m | s t ceradablgtsudfdcar 6. sWhen olne wbicabic-Orapatls strdacalddut nik?kaed wWih aararkingm about 10

mls to abaut .12 m|ls. 10.I.n sone i npl.enentations, the witabl e-erasable
sur'facdneshahiivanangrasteddl @nbeseeset 5iegh s‘@t@%yefaﬁraglee% ace [phSeen about
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bet ween abo urn and about 5,000 nift, befween about nit and abou
2, 500 mfier betuwtddi90adyolss (4.0.. bhentdfcyalseLabolt 50 0yeiem abtst W€ emclab abbul2iPOni t

and about. 1, 000, ni.t..or .bet wee ut . 25 .,run about . 750 | n,ot her

ot eneein g TPhe S gy rAS SR Dl 300 Pk bR D e At
(Ra) of5 bemsyddambaten0 tysiRs, dbbli 7,80@ cyclbs aBolRONBERS, & MMt A0DO | ess

t han about 3, 000 nm iess t han about 2,000 nit, |ess than about 1,000 nit,
| es?® t hexisleabeflivriBugany erasing 8t thersameegosition2 Jhengibiliss o1 thedackastrot. 2ddheqym

| ess thap. t V. t i ific
ot er ity S oc ity AL LG, LBPCRIM Dot Be) e ATRARIE

sur f acesraabpvetse (fRag a epcdhobhe@meadd @itich s (hieSREE mbable sheOBfbhotmetey. |

bet ween about 100 _nm and about 500 nit or between about 150 nm and_ about

400 ni t2vPHalisfensEdtite); afteripatsia e sHeace M R Bican¥rigable BYKitgce can
have a%g%ﬁ&ﬁ%ﬁi MEEAE Bolh R £€‘ﬁ§.5§ (%%géﬁéfér%%%berﬁ%ﬁ?ﬂqég thJ@P‘éfcoﬁQQa thte OF
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about n sone 1 npl At at writable-erasdble surface can
hawe a afeciymaitehelirkdcane, RGoniowiduhek ssteRaketafe, rdsaralt dpdnit, abmittukd H0eofurlhe

e.g., less. than about 8, 000 | ess an about 6,500 urn, |ess than about
5 000 rREkineIRaR At Rs selecis e &Pﬁ?l’ﬁ@gﬁ‘ew&w@@&&f dry- B ATt ess t han
about 1, 000 HdynaQFialsGBs EMETd mﬁn%b@t&n 30QppIRd to many BfRAMR types of

i npl emrentations, the witable-erasable surface can have a flat "finish

(gl oss dubbtoates] Biclurbag pords &t 2.8 Faprehrsbs)n-pemue geskretes (¢.znidetsifiel asynisel ween
bout d, ab 20 0 t 60 . . tin finish I
a0t SRR 2R RRHSaCh SR ARGy BuT T SARD, LTS o

(glspss mekmrenoheotibs8dicantuab itk afnot TRAK 80a blyeRridegitees)sudrasgl 0SS
finish (gloss greater than about 65, neasured at 60 degrees).

|
sone spEeyEsies of pplvamidn) atdllsisic mperia (shebiepancss glise vaund wed (such aﬁ@b@éteanGO
d | f ~bet 45. : a d
cbout o8 Patedh AES WREDGRATH s MR @O P i lpr Sl ol SE AR Hb 70

a 20 degree gl oss of between about 9




10 and about 50, e.g., between about 20 and about 45. In still other

i npl enrentations, the 5 witabl e-erasabl e surface can have a 85 degree gl oss
of between about 45 and about 90, e.g., between about 75 and about 90. In
ot her specific inplenentations, the witable-erasable surface can have a 20
degree ’t%laﬁﬁ p&ﬁcl@%ﬂ%d (%gch abotaliddarPér BIRAHoaAD; pRisu@ ard aegged! 0ss of
about 52, about 66, or about 85; or a 85 degreé gloss of about 64, about

78, or catmnms 88>nel(m®mﬁmtﬂ)mmdnmt@h (eneh ag aiummtpmvest@méeswheclabifhﬁ y and

er asabi | of t sur f f 10, t he coatl recurso can.be
Chocan ShitaebovidBe ity Byt shgehas SX8iA 18 nal St SRR, Blgi58a,

hydr ophdrli6teBB&dN Gk sHBEYndiMEed RORIrface Be tiRUBSLr4tO cfHl & cldanddtdr apdiabited ty of
the witabl e-erasable surface is related to its wetability by a l|iquid,

e. g5 aurfaee beaming the ﬁgrfmmm applicatign ef thercogiend. rialsometipstairgpttheat e t he

ny O opGBhEL b Bl B M TR B PR SOk AR g

15f or ax&bgundf&ﬁu@buﬁguwmk@mﬁmﬁn the witabl e-erasabl e surface 16 an
angle is nmeasured between the witable-erasable surface 16 and a tangent

line 26 drawhhd @a@nalﬁdbatépﬂg e wating fl 44 praon tp 4ie appdication o BPSHHES AP HRNKE .

Mat her’raé oﬁzﬂf‘l: ¥vh1 :(ﬂ?e %%e%ﬁﬁpé 'xArJhE thg\‘%t%nﬁ‘s hﬁls{ lpee %e@ Qfl ﬂ?ef S%Qﬁatgr qp! et

i mge, ris w dth at®the base n-sone | enentations, It can be
desior absloenet mﬂhaﬂmtamﬁsaﬂie Iﬂaﬂ:grhzﬂs céh haveasprtdife o from dbenohd mdlwﬁﬂoeibpu’ofﬁ | ess
t han about 150 degr ees, | ess 20 .t han about 125 degrees, Ies% t han

about 1O Edr-dEED abe%@%mﬁ%e&bowwﬁe@%ﬁb%éﬁ THBLES 1 2P B ErS 0
degreesﬁoegrabeﬁﬂﬂﬁﬁomg gﬁHﬁ’EﬁéﬂrQ%? frobf a a5 1 g%o%o%bb ohR. i¥ghepONt act
out degr ees ove a

angle O ove a ) out egrees above about
45 degriegdementations| theaeattnaln camindxerrepntétfe oﬁ sreato thaachboangentl, e.gpaborted

usi ng d oni zed .wa can ween, ab degr ees, an bou

degr ees; '@05%"35Wﬁgéﬁ“%®3h 3%@@?&@% 3§HBB?%%d”f%ﬁ&§ﬁa gmkﬁr bet ween
aboyt 39 degrﬁ@ﬁlaae?msqﬁ%nﬂh@&%ﬁga4 ﬁﬁbﬁpﬁ@ﬂ@&pﬂo&h@sﬂmbﬁmﬁﬁwns
the contact angle can be about 40 degrees, about 50 degrees, about 60

degr eesc;urabmiﬁr aﬁ@l@tégpeémons) r Certvag thefz? r@fe@rteé]se process of s¢tting ofthe materials

i npl ene the writabl.e-e f an hay, surface.ten

of " bet wlEHoBats ey b sufusi onulie "Hb B ReShim Syt e RE oS Lt a0
dynes/ ciie @aﬁe&%@hm mArRWBEY forth ki SHR S Cifférent Eth 8RS @bdstiABingt he
writabl e-erasabl e surface can have a surface tension of about 25 dynes/cn]

about 3@mengids reateridpthat fam Gy veatinginchior buunehlimeityddm @iﬂd@bwc’@e
dynﬁ)S/ Cﬁxﬁ\fm%and catalh‘? cﬁg&%%hmt orf'le &Goal 11&19111%%6&%&12)?1 el a ying,

e.g., or spraying, a sofution emaeria in a
wat er - b&fe&dcaﬂaﬂf phse:ncatlhatn mﬂﬁeﬂha\certanamﬁquecprep&rtm sitamiihys. Sluebmichptiohhle

appl i ed coating . does not run sogn after it is applie r dyring its curing.
At the SaHeneRtadons, Hs Qs cRHRe %%%%@tv ‘s%lwlﬁ fg\e"%ﬁmaeﬁ éﬂlttla?%s P mi t
easy ap, t I SRIE B

solutloﬂgggﬁlaave f&%F§§OEH4ng?h§% C ofhgg%aeen g%gﬁ?§¥%§%%%ﬂgﬁgﬁ gbout
20, 000 sifeat s week, . g., beotnvgemt élhourts t2 @BountF24. Imlmmc&cmh)ehﬁut BSoc0tomBaus20 bet ween

about 1, 000 nPa a about 10,0 750 .nPa..s d
abotht 5hey {FAPA ko Sigebabi {6 hoer o abap | 451 ©-BRRSLAFe: S itut Be
mar ked iR, gb(;{ﬁ%kc\é}g O’Irq%afh%bﬂln dhato hﬂ&dtlﬂj&éys.a coI orant and a sol vent
that i ncl'udes one orf nore of water, al cohols, "al koxy al cohols, ketones,

ket oni ¢ al cofin¢ matarkicthst foamethac@smgrldrnﬁmetrlstﬂegpno MQCs, elga sotverisrgdirat eri al

v ot bioEe ey Buteg =By Ren 5 BERaRRTe D1 ofF Sl o e 3B ks Renay o
M xt ur egaif ahdvean 4186 it ffeﬁi!ﬁﬁ'e@fhtﬂ@ bEn®NVODE TR eshreREd Bhbeit.ofsolasent s may

be used. 15In sone inplenentations, the marking material can be erased from
t he3Gr i ¢aniins (uspls apiventshpfdaabient Bue sybradape prRVITOPMeRTA]l SNPIch apg Cop makg t he

mar ks t he
oraser s pgisft REFlon ol AR ARl Wil MO b P ot QLo BXRHP! & (00 4
pl ast i clath@lhbilil hed @rdSEFing af usd. Shhd redhesdieemi@sign of 6f@niersoehs dmfmgahcer

al cohol s, _al koxy_al cohol s, ketones, ketaonic al cohols, esters, Cetﬁﬁ

ni ner al a@mﬁlqrso the WatstrRases coting epsyrgs thet tege lsathnr?é%aen%eém% £ &9 95 al so

be used. 10



Exanpl es of al cohol s include ethanol, n-propanol, iso-propanol, n-butanol,
i sobutanol, and benzyl al cohol. M xtures of any two or nore of these

sol vents al so represent al cohol s. Exanpl es of al koxy al cohol s

i ncl ude 2-(n-propoxy) ethanol, 2-(n-butoxy) ethanol and 25 3-(n-propoxy)
et hanol g Mol dir8s Oec@ bt bR A ARERIOInd HESELIE A Y6 PefsoRbiRoapesent

al koxy alconol s> Exanpl es of kefones include acetone, met hyl et hyl
ket one amipmatthyteqnirbdit The ket aimenbittenmr wetephl alopst fap evgreyeiiisionry dpese

sol venttg may al so be utilized. . Eg?ng)l es of ace?haégfg iO cl ude
met hy| t4EEFARBPTAPIAS ] e CHOBGPIACeRCRt Bt ERHd Pty 304t &t at e.

M xt ur e35QfioRNYhE WnREd FRO6ENR LI bRRBR P8 dRYe@l ®Onbeaditipbt RRMS the

For testing, the coating can be nade by casting the material on a

f | uer opaiayine masern endhencealvdreabetmateriphyasth e Lowt\EP C Amisdonsind Ambigififave a

dry thickness of.about 0.0 inch., The re a e ed
from ¢ HeA g S el Al s TGt g Bnt BEBORGARETECE,
can be parhpmBdibates 2ackes FwpaRkitpNo@Rtsufhedonghiestehigie tloapaa aubiaal, ASTM

met hod D-882; porosity can be nmeasured using nercury porosinmetry (suitable
i nst r uniegh Fabematiragiorerssistancs and bl Pwikeshardgsser oss, GA, e.g., Mcroneritics

Aut opore |V 9500);:. syrface.roughn . S I ! orce

m croscopy (%’F‘f\%r)“? ﬁnlfqg%ﬁ?tﬁtgw%g’ %ﬁ%ﬁg%ﬁtgﬁsi%%oﬁg%ﬁ?%ﬁ@%,ﬁ unment s,

e. Oto. WRUNIBOQQ., aBoe 150ai/1. adHoet Po® il PabéutSSheyiL | dhoa) 100TgMhe sbaaib S8 g lgrr

resi stance can be neasured according to ASTM net hod 4060_(&2&3 Cs-17, 1
kg | oadyvearassshar abdih /b oI MACHe IMBeimsdcTRER B A reBR R AR RENSE: D- 2134

(Sward Har. . f MOGR tikRided using
the EPA “?E%%ﬁfﬁgﬁtgbo%/g%ﬁo% eﬁ%rﬁgﬁ?’eg%y 5‘55?‘1?15 ASTMdrgrg{%hﬁgg g([;‘iE"523-89 ( BYK

Ti i - G ostsoul 00 ML end Sadut 2@/ ASPben Eont ¢ b/langl sbonadl gl etwasn ebowli 30he/L

dei oni zed water using the dynam ¢ contact angle. ne ( stro Model FTA
200) | SRS P e RRCT 5 B0 S s Do LA bR ol e | RSP RL IS g
ASTM e bV [ AepiaN O idufliad: dewnbaa/oreasMr i ng
Vi s&gal I%/Q%%S(%?ripggsr(ﬁ-sggﬁ?x t ngég%l{azggolﬁé,TM pi gt ur es}. uStirface_t ensi on can be
measur et axsinpeeddtom Dymied\iates BgviPemsentst Riotastiovidgensy (BP Aogridrdings erfeasur ed
on a Brookfield \ﬁsconﬁer by ASTM ggt E‘Of DSSZ and reported in Kreb units
(Ku). methyl ageiatg, fhufy %Qe&t%réﬁcfﬂr‘ép% f@det 85T bed herein can have any one
or nore of apy QfrltenaldatibUt8sadiastné BRURMEbMmaliahg Sreial Mat tddebe
writabl e-erasabl e"surface can have an average surface roughness (,Rag of
| ess t hamprdsontthd cEABEN Moveer paxisiy PeEsenPgeeol waghercs® logt RgCHET WIESE-t han
about 7,50Q0.nm .a 60,degree gloss. of less t &, GONaed, angl e
of F%sse’faﬁgqeﬁwﬁcies'labs %Piégl r.nema?lons’i%@cocagggilﬁggy g‘geg? ?@gﬁ%%er ei ng%:nan

have anyhb&itq fircd®hfd BhodAy Riceht)@. 4. Bdteémgboat L petieheand dbont Bxparpée, t he
coating can have a porosity of |ess than about 45 pgrcent ?.@? el o&g\e,:;i on at
break obelieenabautahenercon ghdrabent S GPRICHH ORISR & disFeenbang Bou rd 25

har dness _of gre ras . ; t han
Sbout 186577 PR B Eeh B0l AR qoB a0 hodhe 10 JeFec AR A FrBluichEite

pr ledom' aamﬂgéfl/ms@dad&z_e agfoedsﬁiﬁ}gﬁﬂwsa?amﬁmﬁ n?; pﬁrcemnmgi,rieslsit}mmeacilm}lt Pi ﬁmmts,
sol vents, and/or additives. me t he po r syste sed in t

wat 8 - biesethasotgst I hegordales &% aprie ?éd?%v??%qgw% it 2l actiens }?&%ﬁm

di spers 'ag%-rl s\éfﬁe‘rr@efn’c RaR8Has A ’I@?eﬂfeﬁé €4k 1RO 8L fbeReN2BF &8 Ieds ThireiHet Of

reduced ing curing and contain I ower VOCs conpared to sol vent-based
coat i ngg.5 pdrcdrs. & senpessifid enplembotations the watieg cmbad coaPsinged et i ni ng
none of the chem cc;,'gl S curre% ﬁl assified as hazardous air pollutants

( HAPs) . PF¥5&1ts DO F RS BF ‘%tzl FFE 1y general, can include either a

one- conPoNentrIY$heR: 94 cén b¥Baie RANA RS 1S ¥6d OMmUNEB cbike usdatairoerl Spray
formul ated as a one-conponent system t%e coating can be formed from gne or

mor eo naipeinial, brusbaeintet ot i abevtyprbPbarmicaiorallE sehe fEicREIBHEnH At 5B0e
[UNCll OBt P EDSERARIANE P E! Bl oMy emetlabibndtnd &afhg P98an
have a thickness, T (FIG. 1A), e.g., between about 0.001 inch and about 0.125 inch, e.g.,

between about 0.002 inch and about 0.1 inch, or between about 0.004 inch and about 0.08
i1



50r nore materials in a water-based carrier. \Wen the coating is formul ated
as a two- conponent system the coating can be forned fromtwo or nore
materials. The first material can include one or nore functional groups

i ndependently selected fromO01 and the second material can include one or

at or 1 3t DitveBh B BB RLE o O Sl bRkt Ben' ERko B

functi @@ inch| Jr betvedeR abbuied.b D@ichtzhe apne-OcaReRe M otder @gspcxﬁmmnmesyst em
i s independently selected from anong i socyanate, epoxide, urethane,

et hyl eseatine 1 hern kavay thivknesiiod gesater e LG mehes- g s Tispier BRRINGY7S tsdtatt ut ed

with hy Y. , . ' t - in the
Fuo- corpenanpenfEFAREE, WhIERSTRRADLK; bamERl, iy RS LcEORR: L e
phepol preva@anhintfoad] tleqast doaitpyiiickaess, Aziedichs nies likalihodbd bbHihin & t hough
water is the_ predom nant 15carrier, water-based coatings can contain |ess
than apBgpatedepbsiraisPRraRerige sgrvpgmeterigl HpgEht neRState-m f or ni ng

capabl | t1 esn LOMLRENANERN, the coatfi®! IMUAE HIBNET6AMPRIANAI R ndde
reaction of a diisoCyanate or pofyls cyanate wth a |oil, or a polyol.

Pol yur ebbanEX) mxildusindcwidee. pghge thmh abandiidss gaimelishhdesyds| lessythee pemdi ng

200n var.ious conponents_inc¢ludjng the nature, of the isocyana and/ or the
pol yol PingdRavsmgheseds: Ives &‘Q{‘GL%‘%&P %%(Bloﬁéandﬁéfc%ir ?%’%ﬁ’ég}&%‘éég ngs coul d

ei tper rﬁg/tﬁdarsm ALRE, RS 098 a601P8EN oW cRRMRANERM albRal 5 dsmhoRAat | ve

pol yur et hane coat’i ngs i1 nvolve the 1socyanaté as the reactive group during
cur i ng.cySes; ledhbal GlouPdD yng/eohsimd syBenkessGear gouiddsthat dohin 2\ | ey & Sons:

New York,, 1987), and Organi c. Coati ngs- P i Sel ect UuS 25
Depar t DR RS AR PRI BRG] el dar 48 1 HRaPer b .
Ser i es nfg/iRREMPEN el IR inthineh COIRI BitRr BbrasibASHIR TR brovidLlBnalftihacor por at ed

by reference herein. Pol yurefhane coat i ggs have al so been categorically
assi gnetirgsliorialthexSEkingersityesing therigcidanoses thin\wpyts, Whish conldialgwpenetsiiane

f d f . i al.s inel udj i | te (01 30 =
| ooy arntosRar SralghEuBR LN e E R IRY  oyt (02 2 hyar oxyi).

at | east onemGbnicifperiatfidnd] e leitiG idcaa Hart arSvhas Bardaadslof @featdr haome
i npl enentations, the coating can be or includes a reaction product of a

first chopbHbste-1sTaate; then abay 1angicaisrihan abetiahd Zepaiss Hianaebenmib gesster than

i ncl ude I .| SO t . 4RO i LONS, 1IN
7! ool P9t LSRR 85 L 8l ToPY USRI AR SR
Exanpl egestbr thagabhd 200 Vol awaieandincth bddoahd platidoty, icisdeedadphat i c
(alicyclic), and_aropatic diisocyanates. e.g., ne%}g | ene diisocyanat e,

t et?Pansbpipldnias aiy doeyadtaadneseRimdcR yInenies g duabiihaty! (R resistance to
oct amet fyl.eng, .Mﬁﬁﬁgm&&l He UYL ERE 4 SRCY 8RR 0 crase.

2- met hyl pent arfe- 1, 5-di | socyanat'e, 5 toluene diisocyanate (TDI),
di pheny| net harsemai spsaity amatemnkions, the caatidgaphenyd Ewerdhirdusy ahbetesen

G ENLor S Rhelee | SORUSe s BLSLILEDS Al B0pLent o sleiene

di cycl @sexmlseﬁfea?%ﬁé&ﬂqﬁﬁﬁﬁ%&)ﬁsﬁt&&\é@hgcaﬁh%a 8hAl KHrdsRs ypaue1§,0D! )
trimethyl hexamet hyl ene diisocyanate, |ySine diisocyanate and its nethyl

est2er, aveuh3l ovsoibhexane diisocyanate, 1,5- 10 napthal ene diisocyanate,
(Tpory, “hyar Byt e RO eGP EHERJE CTeab e naras Ty el e hera™ ©
xyl ene ghous9 p¥BRtRdEHMDR0 Yerbenb W3/ bevBALayd e N8 GeteRCHANDbE: 200 percent,

4, 4" -met hyl ene bi s(phenyl i so%anat e}, tol yl ene diisocyanate, .
4- et hoxybehv pinabpled{pacesagd 9‘@@,50515{%@?1541 eHer gpplsBehistans the elongation
cunmene-2;4-di yapa -4, 4 -hi I - SOGH ® PP -
15 di phaér?é?a%ncgﬁgféi %ﬁ'& RS g}?anofrﬂ %%%%%’#é%sérgﬁ%%éﬁ%gg %her eof, and
m xbur ferédd€roe@ben ffkater than 100 percent. While not intending to be bound by theory, it is

believed that maintaining high elongation at break provides long-lasting durability to the

coating, and it allows the coating to be siressed without cracks forming. Cracks can trap

12



sone enbodi nents, the aliphatic diisocyanate, their oligoneric prepolyners,
or aliphatic polyisocyanate can be hydrophilic. The nononeric

di i socyanates nmay further be converted into oligoneric prepolyners of

hi gher nol ecul ar weight by treatnment with diols or triols. Such oligoneric
prepol y %nﬁ %ﬁ&s%%ﬂin?%rééﬁ A8 R QARG #rRA1 GRIMANR Mecileisih 1 eNbAgGy ON
of the poly efhane coat ng. I socyanates for use in pol yurethane

appl i casfithasreaticleesabdaipkatkee. from vari ous comerci al vendors under

different trade names. Exanples of .comerci,al dj.i socyan tesb iaﬁ%' yg%ﬁlsbut
are not lim @e@@%‘@ﬁ?‘ﬁﬁgﬁ?‘?%‘faﬁéﬁsﬁ?‘i?&%n@taén%Wﬁ 0310 - TR T MATO :
| sonat eé.%.P%boﬁ%%{lg,%ouﬁpﬁﬁts,rdb%tt itk ARt BRhiR, BEAATREN, ehaisaalls,coBRENY) |

Desnodur pol'yi socyanat es and 25 Baégédur(r) (avai |l abl e from Bayer),
Sover noin(le,)abpay B hel] #boiut dPmiisgatios) 14 Reksf atway 1§ miksnabagh dérpuls. dhsutt 0 mils,

avai |l abl.e from Cook .Co si.te Pol.yner . In so i opl ons, the
per cent 2Ryt 3\2 P’t}%o’b?b%n% HBfSy R PUISE m&ﬁ%‘ﬁlﬁﬁalut?md ira?es%)cr%gl%% g? 85?%[1{%%% ot al
mat er i aloofon UL AELBMLeANS BE1sab abbut 33 HilE €@, frah @bbut Z6Mls ahdott 20 filsabout

28% about 29% about 30% about 31% about 32% about 33% about 34% or
even 30fraincabuBs bilsiin abowte 8imids, droentbemi gsils torrbopelCmHS JFHER AROY R yF 1O

honopol yner . of .al i.phat,i c. dii.socyanat.e in t i.al r ion can
be frong%ﬂlg A)ﬁt%H’ %b[?&tj? nﬂgg(%)% ‘?“3.1,3 }l%ﬁq%ﬁéﬂﬂ@ %‘gfsatgglﬂéﬂg 0qﬁ%'rom
aboyy 24% t 01 PRANS N3 %n chtaQEh R HRUITI B drasablouirfadd ton lvefan antrapeo serf@8% t o
about 32% The isocyanate containing material_ of the formulation can have

a vi scozighness (RHofi ¢.941 brivessn eyt §-31u jnd @bgut 7,300, 88 ReFHVesh bRt do™Ruy,
about 95 10 0 ' | gnbabdidae
isocyan&?‘geﬁoélgggéhi%%ﬁﬁ%ernia%ﬁ%%ﬁgeﬁ?‘g%?’g@ 131%?%%” aﬁmgs\%%dscosiaty of
from abouino 4, etw@nabout 10140 akd abeat g, 500f imabareert atHAt Rinhandbout 1,080 Ku, 5
fromabout 70 Ku to about 105 Ku, .or fraom about fequu to out t‘95 1Iﬁu.

The pol g astheameencabt AYEMCEN 2RPE0 0 SHE-dF PRSI FRISBIREIENS 425 Fetipg L *520

ur et anﬁ%vel ah 3o sﬁ%@%?ﬁ%és?fﬁap of 18 BRIAROEE NOMEnFES LN fesE Bnk®olin T he
form of “dispersions of urethane prepolyners and oligoners in a water-based
carri er 5,000 ngqtessithl svoens A0D ans less kanpbbyi?, 600 ame lads thee ebowisObmmpless
formul ated as either one_conpon or t conpo 10coat i ngs. Xi.es

A epoxJaBGROF 8D G A AP DB A HE By L Rooa O P Howi ¢
a curing.agent.. fhe 6RA%Y Jesi ns are pol yether chains that contain one or

nmore epoxide units in their structure. Pol %et hers have the repeating
oxyal kyl ene (msome spédifit emplesehistionsuthedvidiabisxsrgeablelmrigee pagshave ag average

et hyl eneoxy, - 2- Cl -, I n saonme iLapl epent.at i e hi'S
can4Rav éu%%‘iﬁ YPL%{LEISS %3%? Y 3*?0&%5 ggg‘u%%‘[]%bs"“ﬁi g’r% 8)21%,42%(%? ’wéé&%oﬁg %c))‘?
epoxy I esi Asi ARt 56AHN @ He@SEnabBuits0afm wall abbiltetop mad Ukt sdmelpecifio t he

uni que properties of the epoxide ring structure, the curjng a% nts g@We
ei t her nmpleowphitions, the weitele-ceasthle FeiaegcrPBEBHS 17 8VeA agq poERRess | (Batdl s,
phenol s, , am.nes, amin |l ane [ carboxylic acids, and acid

anhydr i &Bgutf%%c[% %qgu{;%@dl}m{bﬁ%g%&&g’@rgp enentations, these curing agents can
contai n one G sPRESmMPLEI@RAIDNk, the YTiCabds crafhisie epdixye madiansa trhsneeh\sesiacan

contain an aliphatic (such as, cyclic or ai%glic),b aré)mic ac bong or a
contsb natrpeghngss (Fat 19f 1958 thasraboript Q. i01m; i 378 M2t 3PORSS- VY hme 5% 1P 88PWs can
contain S g, I ) | 0D npS UER 1B Aoliy2,000@k1)3dss The
coating 6% cﬂé%’q%%#jgé%%ﬁﬁ%@’gg%ﬁnngdﬁi al (01 = epoxide) and a

hydr oxy lth@r abdaah (a0inae orddse ki@l thambbdue 460 nane of these materials being in a

ter-b d ier. | i npl ti , & terial ]
ol Udes a r dacomrplHTEH P, e FRFTe cERBaH Tt TPHeF f0m 3R €S8 de
or oxXirang, ret enLal, dSHGR Rereal SPOXNhON ERAHYERS bétkedn WedR5-aRaSBGuCZ0,! i er

and a second conponent that i nclude$ an al cohol, an al kyl anine (such as,
cyclic aneaaondlat 6) degreps) §ehtin Bnipo(glensibse ¢auabiounkd pubaigt dhaaraskisie)t 60a

pol yeste ol yam ne, . or .an.30am d ol yam i yat-er - i I n
Cuch; meleelem acPaiEios REREJBRr PR ng e B et R at y R ddfes,
cross! i nkiofgs RIS (eflss oldhtG W HRACHT, nfeasiRIeNBOUagiear)s, the epoxide
material Can be epichl orohydrin, glycidyl ether type (such as diglycidyl

et her of bisphenol-A), oxirane nodified fatty acid ester type, or oxirane
nodified ester type. In sone specific 13




i npl enentations, the polyol material can be a polyester polyol, polyam ne
pol yol , pol yam de polyol, or am ne adduct polyol. In sone inplenentations,
t he epoxy coating can be fornul ated as either one conponent or two
conponent coati ngs Acrylics 5Pol yacryl ates have the repeating units of
ethyl ene subgtdyii gmﬁ&f f;lléﬁféﬂﬁﬁfﬂ’@'ﬁi/é whif DR Erasatll bR fAekIcH have #b@Gepr¥ée i S

al kyl OC(0) - Acry i ons havé found applications in water-borne
coat i n@oss'ﬂféaeameyllaboute#ﬁ,matbnsf Yar.dg.foituden aiosped Qﬁld)@i@‘léBSa]@rgﬁhﬁFrc nmononer s

with a cross-linkin cat COopo r I f
sel fcr d§’sP|? FTRRIAEPDSs &’ﬁr"@ﬁ@ g(‘??”g?fﬂ?E %‘31?) Vﬁg}aggmép %Sga b%‘%%gé‘rg?/ ic
copol YNRY shd about 50,!eb. SRR ePIHANA and b RABBE &t lstﬂnﬁtheﬁ h@l@ﬂ'&:ﬂﬁh&hs ¢an be or

i ncludes an acrylic Taterial in a water-based carrier. |In suc

i nplse rramnableeﬂwabﬂmslrﬁicc v aviert & degrecglastef heswesp abest %%emymﬁ% P,
but yl | at th X3HE h
i ;er%/ena(?:?{t‘é??rb ?zﬁ aﬁ%wb%gﬁ %/t&h ,eggirsf 9A %Bdr‘& A oﬂr%an ] ﬁt‘l%cf Y OFIEﬁg

mat er i alyrpag c&?ﬁéﬁ% £ A& d164sFlab6i0I |ab0|.|ﬁl 39 oot H&lor o 60 deggde gloss of
i npl enentations, the acrylic coating can be 15 fornul ated as a or&g or atwo
he

conponeahous§%,ta@nut&ﬁ nwawﬂﬁél et s degree glospatawut ohidbpel &, Oh 8bgt

acrylic vinylic col YIRrS. far

formul ati ons}n He ?/nr%tt!?nf Ig1| 0 ?%‘?Q‘?Eé’g%%@bﬁ? dlogrg%gitl Ee)y\;ﬁv]% tsﬁl{{gﬁl(ﬁ ene
proyg deghe\¢a4tyg) 9réo|uﬁ;>§t Biakdrials can betchaseanar taactiic vegd cogihg has mesmyfacothat 15gs.

el oy patibe S Ay FR, PRV ok eSma T Seaaeis ) Sl
Y hYHERfe BAsaf e aR st &%Q’tstx%et%ﬂﬁt/ Byh%ﬁxd elgChin(atBdsed niamkﬁ@me

i mpl enen I ons e mat erla can be or 1'ncludes an“vinyl resin material in
a wat er mhasil IcRrafice desitablsivajrantiatetive hiydtopbosicity hfathwwmhbb -qragable wirfagan be

P dle. X;;Et‘a?;ﬁi@g %;%g@%%gsérg}es if QS SR G P PaseabG gt an el B
cop l y”?w&qu d(f E% (ﬂ{[tﬁg %ﬂﬂ?l?le e?‘fs Hﬁt ?H‘a@é & af aﬁgleels AREsFRABORREBA

Sys rre or "a orrru at1on~systems nentioned
above nay \hetaera:néramcb duefged hesrnd o tdngemn 1mek@dadna¢ns<ysﬁmp1eﬂmfahgbfm 1@3«@ ens
can either be a hybrid copolyner systemin a 30 ho ene g

hybrid aispeesplase ppwbrMaﬁamatp@#léﬁ éh% 2EEROEMR) mr%ﬁﬁ %T‘Q ‘W%]F

| nt er acy 0005%4 a}sl ﬁ/a?fl \¥1dtthoatgﬁgﬂsgelnds%ﬂé %l%gﬁ?{{]éﬂseﬁ’caﬁ ¥RlaedtdnYe IohARe

wat er - b Ierren tations e material can be a one or

a two ce@m&%‘glehﬁbmb@bummawadmrﬁzai waﬁeerofbe@ehhmbm B350 degqre@uelg less
i npl enent ati ons, t he hybrid material can a 20 conbin

pol pur etﬁaam@bat:lr%ﬂl dagressplese thare yaut d 00 érzgsf-‘@? é%%smncﬂboa? 7%3?%?%‘% VSR dSHol s.
I n SUChg}jiglailbﬁﬂlgéﬁ %gﬁgegi r}(%.g?rﬁ)éltp gdtat%n%s c'alq EledR lé tB(HaUQﬁoﬁ’t ct an le &

pol ycar an i ndazol1ne. n sone | npl enent ati ons,

the mat gpé@l aedN3Hae e&negCQB@&HWth&Bé edrabevd alout #15 defrewvmt er - based
carrier. In such inplenentations, the hybrid material can be a conbination

of pol yur et hameertais pmpk:nmnta@m!D):ba@py&ngée %me}wrﬂ@umagémmeé@fmrr gan be

pol yvi nyl acet at e/ Vi n cet ate/ p ur et han

al cohol $etWeRn QA %edg‘%l%‘??é ‘5;1%!‘ ﬁre§§’tee*f° hg?%e?%%bs R&F cea!’gr)l |a/nc®d(§
pol ygar la@&‘eb@og%et\ﬁ!%n%‘gbﬁt'ﬁ'Jé@ree@bn@ﬁbétmﬂét&@{de@eln m@@eaﬁclom acryl i c
pol yol is an exanple of a polyol that can be reacted wth the&Leac ive

gr oups mphmtatm&yhﬁa@résct aegiaxsia@l bs ahewet 4k drerees AUt e degrves: gPAISY to
e e SR Sl gy a0 e ooy S
Exanpl es of hﬁ@baémgreﬂeatmms nied Weitatheepn bl lirfaeaadinyt aterfiGDMipn of
2 hydr O)égg;eg%labgﬁtr Olc?;n%s/(crﬂﬁfﬁ)d abguth (gj E%e% crn?peygl }?e%\%génagb%u 48%%’]\68/01‘1’1 and
30  about 60 dynes/cm. In some specific implementations, the writable-erasable surface can have
a surface tension of about 25 dynes/cm, about 30 dynes/cm, about 42 dynes/cm, about 44

dynes/cm or about 56 dynes/cm.
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15 hydroxybutyl acryl ate, polycaprol actone nodified hydroxyet hyl

hexyl acrylate. In sone inplenentations, the percentage weight of acrylic
polyol in the total material formulation can be about 16% e.g., about 12%
about 13% about 14% about 15% about 17% or even about 18% In sone

i npl enent at i t i L,C. PO o b0k ot al

mat eri al for at lfao’gh%gé]&q@g 119 %%%ng%ﬁe@&ﬁ%%gﬁ’o%g’ g%%l"’ gglélfu,ﬁgﬁ‘érrom about
11% t 0 spbowutg, E¥AutfonetiROmateoiat inl2@atto baded ki Yhat fomo haatrowtifti didsb wiscoathp ut
17% or from about . 14% to about 16% A. pol yoxyal kyl ene diol ,is an
exanpl S5 S HEPIEG PoRIne 405e netn seon aler i b gpphiadBedying Eoarmggst then sone
| pl emeglal 9B She §A8HAPL XN R Kk¥h1BBE sHFRl &t Q@#@mﬁt Qéég‘%gﬁli&Yi%ﬁ.aﬁ% eEEEﬂngFéﬂ ar
wei ght of from about 200 to 3,000, e.g., fromabout 500 to about 2,000, as
det e i megmesinpienmeantatons dihs peplse sobitipatdaybenea gisgosty & 2ardard dstweSpabott ¢

exanpl es, of, 25paql yoxyal kvl epe diols include hyl eneet ol ,

oy br by PEAseRAabo D0 Syt Griien i 20 pilY et MSLI TS 068 2B

pol yt et pawBéMRNE DO SIP L ¥ECAbouB NE0GORATBF BetRbed Mot 790 FRREARSbuaNd
polyeth%leneether glycols. Mxtures of any of the pol yoxyallcylene diols
can al sa0%emPeesd. Pol yester polyols or polyester diols are pol yesters
havi ng term nal droxyl. _groups nd_are, ex les o olyol s that can be
uaed Lo prodtas g v R AR Sl AR P ket B oy by e
confiensahieeinl Bt Ackided a colofdht agd £EdvERNRatghMG&ds onR@RARE AF Matet, Adeohols,
propanedi ol -1, 3, butanediol-1,3, butanediol-1,4, pentanediol-1,2,

pent anedlkery aleoholy ketonesikstoniBalcphotn gaighso acetates oxfinatearalispitiss. ghgmerking

di propy. I i - o m Xt ures
of "1 os sl arpdel ey MR Bl i hent! SEEENTH: SRty Ruienle.
aci d haMigerssrofanpytithic detedohrgtsagapbe agdddFot acimide, mixalreCof i, e four
succinic, glutaric, adipic, pinelic, suberjc, azelaic, terephthalic,

sebaci cof |aNs A thepetad o othgyjodyralamay Pe #%bxyl i ¢ or mi xtures of these

aci gs. Wen i 0 i rall Ge&sepRf the
dioﬂ§50ver d?%ar d?@??%gg%%) g%3§%§#@4h9£ﬁm¢%§pﬁéﬁ%ﬁgﬁ%ﬁbﬁg or %%Iyanide
pol yol serhablagrfaee m imadublstadtiobyinvipiide by vaipigytat meaanlot Wigh ae eyl thatahcladgol yol

t hat can_pe used t roduce.  the coatings. . Pol yam ne. pol yol s havi ng
term nat ﬁﬁwﬁa@?ﬂ%@ﬁﬁgﬁw&%ﬂ%% ¢ R o o él%%ﬁﬂ_%m@ﬁafécan be
used t OGNS . & MR oGO M AsHGP felt. The erasEUMSRPMIRAL YOE. havd MBole@F WG]

hydr oxyl “groups are yet another example of a polyol that can be used to

pr oduc ealtdliewls aditaxygécohols, ketong@pkstonieyatcabolsy edtets aaderagest emminpal sivith oxy |
groups are yet .another exa of | yol that can be used to produce the
doath ngt RS a7 b har EE B Bertar iR AP HSH oxyl gt oups | o yet

anot her exanpkemgles af dieomNb mudefwtan@a,rh-ﬁmpm,disbqyrwagdy9&;&&1@19@@l ngs.
The pol yuret hane di ol s can include polyal kyl ene, poly(oxyal kyl ene),

pol yestaftangdoangddrngd alesdo).c Wit anp vy supidreef theet sarenys aperepresent

pol yrretglg&{oyﬂ ate, or mxtures of any of these functionalities along its
backbone. " Tn 'sone i nplenentati ons, the pol yurethane diols have a nunber
aver age nol eExiraplewef ghoxphlcbhammhaist?2-20prdpoxy) &Bfhol 2-th-butbkoretedltnd00
to about 2,000, as_determ ned using narrow 20di sperse pol yet hyl ene gl ycol
st affdar tHn-PrEFIoVHH ehaate MIBIres fany e oLavaeTe & 81ss Folvents risg depresnprlsorde
parti cu,%lgr?]ﬂogs‘wear and scratch resistant coatings. The pol yuret hane havi ng
term nal hydroxyl groups can be prepared by a reaction of any one or nore
of the pol yoEsamdples uSs@dnatioviedanctiare, aretiaylicthyd ketoae yad ateth i o-tpitddetaca

i socyanat e terni nated prepol r, followed reacti on of the prepol yner
with a W&?}aeymeﬁaorec tggqqﬁ \@engs_lgaﬁgg)é&;ﬂh 16F‘gups. 25 Some

pol yur et haneEQéxﬁfal%s ef &e@ﬁéﬁﬁ%&ﬁﬂd@hﬁ&hﬁ‘é@bﬂa&? L&yl £ QRS OFRyhdbdts Eh&ﬂ%?m S
or King industries. The di ol can be reacted with %Ihe di i socyanat e
ut i 30 zi gegtate. bixéures aff dny tofo aboorte of tiRgse selbpathasedlyg bé ntilized. pr esence of an

activator ( ccel erator). such as qxazal i di or_ an, or oti n.conpound,

o g di but YT ¥R o Retn PP EE? Py Gt Bl R (ORI Ean be' 30
al | onedsubgirfie 0fRaHerB¢urdh of tRERSHAI 4118 110k itf daﬂfHa&Q@_l&try ﬁch&ietsQoiad%u_E 0.889 ifen. from
about 4 hours to about 24 hours to provi de the isocyanate term nated

pr epol yhicured sample pae theadeyamared frernting divesrnol eneratubsttte popipiide thatest hen
be reacted, e.g., at fromabout 60 C tqsabout 110 C for 1 to about 10
hours, with a nononeric, polyhydric al cohol



22 containing 2-6 hydroxyl groups in a nolar ratio of 1:2, respectively.
Exanpl es of al cohols that can be used include 1, 4-cycl ohexane di net hanol ,
1, 4-butanediol, mannitol, trinethylol propane, trimethylol ethane,

1, 1- cycl ohexane di net hanol, hydrogenat ed bi sphenol A, cycl ohexane diol,
neoperbydin@hyT&king tin PEpifbpesnta1n6dCoElonpseidragrbyédkr dah bl pedbtnd using

trimethyl hexanediol. The result of treating the isocyanate term nated

ur et hahelMr eabpg RepS2PCFOS e an BE MFRSHET SSIAE SHPEIY POEOsIng s i fiane di ol

havi n -1 er m:nay I SQCWa :

Pl yur B R 5 DA N R R G SR B AT Y i 1

am 3899500); ksurfache roupiineso o Bdﬂ‘mlemm ﬁﬁg)ﬂﬂrﬂim forbt mlilcr?sqop%/ yAIFEet) Iilatw@pilhigol is
used to nmake the coating, the 10 nolar pr i pol yur.e e di to
thé alRessasingAahh Bt epitaple Eléﬁum%ee-g-ﬁg’ﬁff%@ﬁ@%?& ae Pﬁ‘@%@a&?o%?’fg( e.g.,

o: 1t Osﬁéliétiﬁc - Taber #‘?é‘sié?éncl%g%;}irgé ﬁe@éur%@h&’&);rﬁnh RS WKER1 mBitod 35-2o6®t

limte snophen(r) (avail rom Bayer), WMacrynal (r) (available

f rom Gyileel CHATst ki dsgd) and §wArdhadesy cmbaircabired aiccondiReiocchBT M) meth6tin sone

i npl enent ati ons,. the materi al i\nhgl.ude an e al crasslinker,. such as

= Dol yomI D8 ST AR S PMAGS Gr 3% PR T S fe: “BrR P ETHICOHEREAL | ons:
hi song. gty %ﬁ{odlﬁpl@lf@@@é&twﬁéasu%éa%s{@t BETHM mefadlIR 59880 BV HARS-Boss

reaction product of a first conponent that includes an al koxyal kyl am no
matcer i Iletar iCah Na 62 s b dsedag angicann hatheaswod s hndtioumsongeat usitedhe | ncl udes a

| yol i t er.- based ier. | i tatjops, t
B Koy SRR e Brsaron Ly ot MeSd 1D TR Rt A Sy D506 |,
yet ot fer saptekienate éHN SRBALAI @iy ASTRI ARiRAI 44002 THREs QErfomdduges an

al kyd material in a water-based carrier. In such inplenmentations, the oi
part obbtainngmdmw-ddwi and eagaiiesisuelly by seyppeasprovith stguderd SwdM pidures oy a

oil, lLnseed oil, or, their mxtures. .n ch. i i.ons,
nat er i gﬁ%ca?ﬂmbséo%ca@r%)ee gpasgrqd b jgr(f)%lr[lJ ent s‘i‘/’-’g‘ %né?rf]’ éngﬁ bgoreﬁt% @%?kgr%pota%g’%al
i M enBREAEDHS a BroaTed §idcaneta by e @ reethed DE 562asfd repsrtdden Basednitesi ns or

silica based resins. In such inplenentations, the material can be a one or
a two Bewponent system In yet other optional inplenentations, the

materi al Ca&n?%vétsﬁgge%%gbg@%g%ags%m%gggggﬁ ol fave Bty glgf&xn&%to%n%epl yur ea,

pol yasparti Ccs; or a Zl ne n suc enentations, the
mat er i ¢le Mribule dasdrived herpo Fentxsysit ghe withhertsable surface chhéaeoat i ng 14 can

be formed froma material _in t er - bas arrier. Wile not intending to
be bouRWTRSE TREGE W“&hfieﬁséRb)e‘Pfﬁ%vé et ggp@élm@%%mﬁ’él SHARPPIISS o

di sper sk VE,MER A Lafopt 5}5@9 nm,gzr@rﬁe%{&rﬂosrs@léﬁ theh 0GOS ifith éo%awhﬁ%e on

prior to curing. dﬂrln the application of the formulation, they aid in

achi evicfigsathaappowpODategrees.scosi ty of the 5fornul ati on. However, after the

coating has been cured, it can .be expected that there is.no.residual

ol vent. | ThéugarpEm e aaces G st L e SR IR et hyi
benzengyixyke T8 exdRIBYthe 30Mind@h ®ads a E@ﬂj@,&p RY lesaltzahvbut 48rRR}cheng gl ycol
nononet hyl ether, ethyl ene glycol nonobutyl ether, butanol, paraffins,

al kaneslongatiypatdpsakerfdetisanciboust pktesnd 286 Phew 200 percent, and/or a Sward

25  hardness of greater than about 3 and a Taber abrasion value of less than about 150
mg/thousand cycles.
Formulations
Water-based coatings, predominantly used in architectural settings, contain binders,
pigments, solvents, and/or additives. Some of the polymer systems used in the water-based
30  coatings realm are the acrylic emulsions and urethane dispersions. Water-based coatings
present potential advantages in terms of reduced odor during curing and contain lower VOCs
compared to solvent-based coatings. It is also possible to formulate water-based coatings

containing none of the chemicals currently classified as hazardous air pollutants (HAPs). The
16



t ol uene, ethoxyl ated al kyl phenol, 1-nmethyl-2-pyrrolidinone, or

1-ethyl pyrrolidin-2-one. 10O her nodifying agents in the fornul ations

Accel erators that can be used in the formulation include catal ysts such as
di butyltin dial kanoate (e.g., dibutyltin dialaurate, dibutyltin dioctoate),

and oxazalihginenhulfdd, B RABGLE S imﬂ&w@ﬂ@yhhﬁah&ngﬁeﬂﬁsysﬁengora@w.l , al kyl,
and aral kyl sul fonic acids; aryl, alkyl, and aral kyl phosphoric and

phos phosimpeaciidsystear. yWhea thegdoating ¢b tormitlapdd z6ci ehepsormypnostsysiess theocartioxy| i ¢

15acids;, _sulfonim.des: mneral acids and pjxtures thereof. l.n.sonme

ol e SEORed RESHOr R Acr i B8 o pe T meREReei e Se R ane
aci ds imetculgcthant grrpyiddpémdeady delefdld FohPGUERRS Ul fe@itiofie AfdidHial of the one

dodecyl benzenesul foni ¢ acid, and napht hal enesul foni ¢ aci d. Exanpl es of

aryls,  arapere mpagrigls i kyatgthesgheeraer. aWhcp reisoepisdomsulpted lasdewphenyl |
t ol L. .. di.ph i - -tolyl. . dis |
b ot o e cERE Cin o EEBREN o o B RBR Bk TR Mhareo)

phosphadaadnende py¢ ophosphatesmal poapplrepeideaat bax¥ybd fomoG dand el seendbenzoi ¢
acid, form.c acid, acetic acid, propionic acid, butyric acid, dicarboxylic
¢

aci ds gheriakcagarlvde are of, marrdunsiipsial sauea indepensiesiic releated fipm Garvatet | c
act d.  BEARBLE th Alrgt W U HGRurk RS ] PEARPREALIAR EhdPG1 functional

di - para-tol uene sul fonimde, nmethyl-para-toluene sulfoni mde, anézglnethyl
sul foonagrvaiein Extamthesncetompaonentadr taokasnZoicncsystten Biitddpendumitld,sekkutel Bonc aci d
and hydrochloric acid. . The curabl e coqggiitions can al so contain

ot her  FRIEISPCY R Ceth B Eihancaghyiens s ang gipyisae arcsem thgpthylepassi | i zer s,
Pi 9Nt St ARRS bivskiRdeAAAR S dr ' gen} c SufQenhy}

agent, 0l?ilgci es, a1 v?scosih?y-dr%gg%?ﬁoﬁg’ (grgent}fy{:%?é%gr ?Ta%@ggent gj,nta%/%rgg?i ve
di | uentis thefrendmpoing spsitis is indbpdpideotl g s¢lested Homosn@r Iydref ) amies ghead,
flame retardants,. i ntunescent 3Qagents, .t hermal ents, for energy

ef 11 ci SRESIRAAFIS 988 3FpY otRE G G ifloo BRaomaiors Bepretop ng
agemt s, cap@ér! WaRS-baSdd QAARsSHH RhiN Es@ARMIDout 15% of norsY ok sGOBIE LRt
suitable |ight stabilizers are available from Cl BA Specialty Chem cals
under tihdilpypomingeapebilitiauvi n(r) (benzotriazole, triazine, or hindered

am ne QQﬁeq)ﬁgnd Chi massorb (benzophenone based). Exanpl es of
opacify#%&igg§%§§ zinc oxide, titaniumdioxide, silicon dioxide, Kaolin

Sclay, e.g.,Pdiygleties eaessodtantd By Ghadtactin G XdikoEsanhRAITRIyisocyanate with
Exanpl es_of def oamlng agent s include pol yethylene glycols, or silicone
poP

sur f actafieh or e nglvolp Eplaretbinepsuibitedvissirgregandthaydnesy angxbarébiliDedapanding
agents - i : [ val K:.Chem e. GrbH.
ot ot iR cHBob AT Lol DB MR BLP R R Sl BE RS AR
10 conmie oatmke afcyringe Fodpobhas canvait abhla citherbdNunziagd @ ht eofipbidnt or
Certain inplenentations gPr\e further described in the faollow ng exanples,

whi ch &8 WHRPINSRETIEAST ok FACHTE PP INETLRBISogHngHEY YV S HicdsqfyanatEsaiiol ES
EXAMPLE  t; | gSi %gﬂgn : i i t

added, ienh(;?e #Z(r)@ ?‘?\ﬁl% e rﬁh%'% &%I gl%@éﬁgﬂ,%&?ﬁ@o&?& B8hn YIS
oxi r anekivods fiNed Yakt 08¢, aldddpenic (tatddaPdorsaiasehicctivatapk ey td. at e,

2- but oxyet hanol, .al kyl aryl ~al koxyl ate, .ester/ st ne maleic anhydride
corSl y e gy bE R ERgES Nebatal Hurges b Sindrny YeSTeegne-d, SAIB et hyl
benzeneBAthr¥ Y beNané BbxBRd HNTBRSLs of WRIcH AR BRLDoWRL Lo REG Ml tRART SI ow
speeds until fully dispersed. The speed was 20 maintai'ned at no nore than
100- 20 alprrethzne aedtings diroxilde beaal eatggomenly dssigried sgvermtor Phudesignbiios and
wat er re tf added to the mxture in the pot, while increasing the speed
to achi‘eve™a good vortex. Final RPMsettings were between 2,000-3, 000 rpm
The speed WaBhdetjatishad dan b lforiPedi fdk cHiB e im 0o $n A ekhdMd dlisBbpind®! (G 1
integratjon of air _and m xed for 10-15 m nutes, or a Hegman of 5-6. After
as@Brt ai ¥pepneteaend pae er meremalTiekunrlydinghiydrexyt (fe2 o hydeoxyh pidgessdne of

achi ev I.Cl: Vor. i.Clent s .maLntained whil.e keepi ng
The oSSR Bl R b IR LA SRS ool 0

| east andludénceatibgimpduasfaditseamthonghkibaginsheedanBscymdtecnd alatdld t he pot
was just mxing the raw materjals and continued for 10-15 m_nutes. .

Dur i ng SCR@OPETdHnnedgea PolyehPiateyaRafeior BshBRA riFpthanepplicaaensyin any|
ket one 30 and i sopropyl alcohol were added to the grind m xture. The speed
was maintained to mx the material. After 15-20 minutes the product was
packaged.



Second Conponent: The high acid value polyester, ethylene glycol nonobutyl
et her and isopropyl al cohol m xture was the second conponent of the final
product. No m xing was required for these materials. Conbining the First
and Second Conponents: The first and second conponents were 5 conbi ned,
when degimBdan be obhirat byttherdatimal ofomaintnyith phovgeat.i Bramfleeotagbiinat i on had
s coliherBaic: TBMSOHBBS® PBHOB e (57 L die O e S0P B RETal e L
1201 g R0 Qi a1 ERABENshane ol on
0. 10- ocldndativiyhgliyoelyatae, deQBietidyl R cﬁisbuymgeeﬁmbylpmt@mlﬁrdiisacyanate,
o By LA ealals 8 80l G IS AR AT Ie GoRO Y
0. 01- 033 fhl3¥ds, PERBENR-Phdd9rctle BilsocyhAE Ditolylene diisocyanate, cyclohexane
diisocyanate (CHDI), bis-(isocyanatomethyl) cyclohexane (H6XDI), dicyclohexylmethane
diisocyanate (H12MDI), dimer acid diisocyanate (DDI), trimethyl hexamethylene
diisocyanate, lysine diisocyanate and its methyl ester, methyl cyclohexane diisocyanate, 1,5-
10 napthalene diisocyanate, xylene diisocyanate, polyphenylene diisocyanates, isophorone
diisocyanate (IPDI), hydrogenated methylene diphenyl isocyanate (HMDI), tetramethyl
xylene diisocyanate (TMXDI), 4-t-butyl-m-phenylenediisocyanate, 4,4'-methylenc bis(phenyl
isocyanate), tolylene diisocyanate, 4-methoxy-m-phenylene diisocyanate, biphenylene
diisocyanate, cumene-2,4-diisocyanate, 3,3'-dimethyl-4,4’-biphenylene diisocyanate, p.p'-
15  diphenylene diisocyanate, or oligomers and homopolymers thereof, and mixtures thereof. In
some embodiments, the aliphatic diisocyanate, their oligomeric prepolymers, or aliphatic
polyisocyanate can be hydrophilic.
The monomeric diisocyanates may further be converted into oligomeric prepolymers
of higher molecular weight by treatment with diols or triols. Such oligomeric prepolymers
20 can also be used as a reaction component in the production of the polyurethane coating.
Diisocyanates for use in polyurethane applications can be available from various commercial
vendors under different trade names. Examples of commercial diisocyanates include, but are
not limited to, diphenylmethane diisocyanate (MDI) containing Isonate™, Papi™,
Spectrim™ (available from Dow chemical company), Desmodur® polyisocyanates and
25 Bayhydur® {available from Bayer), Sovermol® (available from Cognis), Reafree®, and
Chempol® (both available from Cook Composite Polymers)
In some implementations, the percentage weight of homopolymer of aliphatic
diisocyanate in the total material formulation can be about 31%, e.g., about 26%, about 27%,
about 28%, about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, or even
30  about 35%. In some implementations, the percentage weight of homopolymer of aliphatic
diisocyanate in the total material formulation can be from about 20% to about 40%, e.g., from
about 22% to about 38%, from about 24% to about 36%, from about 26% to about 34%, or

from about 28% to about 32%.
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a viscosity of from about 40 Ku to about 140 Ku, e.g., from about 60 Ku to about 105 Ku,
5  from about 70 Ku to about 105 Ku, or from about 80 Ku t(; about 95 Ku.

The polyurethane coatings can also contain polyurethane resins (G1 = urethane), In
some implementations, the polyurethane resins can be in the form of dispersions of urethane
prepolymers and oligomers in a water-based carrier. In some implementations, the
polyurethane dispersions can be formulated as either one component or two component

10 coatings.
Epoxies

An epoxy coating formulation can be obtained by mixing an epoxy resin with a curing
agent. The epoxy resins are polyether chains that contain one or more epoxide units in their
structure. Polyethers have the repeating oxyalkylene units: alkylene substituted by oxygen

16 groups, €.g., ethyleneoxy, -[CH>—CH>0]-. In some implementations, the polyether chains
can have additional fanctional groups such as hydroxyl (-OH). Curing of epoxy resins can
lead to less amount of volatile products. Due to the unique properties of the epoxide ring
structure, the curing agents can be either nucleophilic or electrophilic. Nucleophilic agents
such as alcohols, phenols, amines, amino silanes, thiols, carboxylic acids, and acid anhydrides

20  can be used. In some implementations, these curtng agents can contain one or more
nucleophilic groups. The epoxy resins themselves can contain an aliphatic (such as, cyclic or
acyclic), aromatic backbone or a combination of both. In some optional implementations, the
epoxy resins can contain other non-interfering chemical linkages (such as alkyl chains).

The coating 14 can be formed from a epoxy material {G1 = epoxide) and a hydroxyl or

25  an amine material, at least one of these materials being in a water-based carrier. In some
implementations, the material can be or includes a reaction product of a first component that
inchides an epoxide or oxirane material (such as an epoxy prepolymer) in a water-based
carrier and a second component that includes an alcohol, an alkyl amine (such as, cyclic or
acyclic), a polyol, a polyamine (such as isophoronediamine), a polyester polyamine, or an

30  amido polyamine in a water-based carrier. In such implementations, the epoxide or oxirane
material can serve as a crosslinking material. In some specific implementations, the epoxide
material can be epichlorohydrin, giycidyl ether type (such as diglycidy! ether of bisphenol-A),

oxirane modified fatty acid ester type, or oxirane modified ester type. In some specific
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Aqueous dispersions of the acrylic vinylic copolymers form the core material of this
type of formulations. The copolymerization of the polyvinyl acetate with ethylene provides
varying flexibility and transparency required in many coatings. Polyvinyl acetate has the

20  repeating units of ethylene substituted by acetoxy groups: -[CH~CH(X)}—, where X is
CH;C(O)O—, an acetate. Polyethylene has the repeating units of ethylene: —[CH>—CHy}~. In
some implementations, the material can be or includes an vinyl resin material in a water-based
carrier. In such implementations, the vinylic material can be polyvinyl acetate, polyvinyl
acetate-ethylene copolymer, polyvinyl alcohol (-[CH>—CH(X)]—, where X is OH) or a thio

25  functionalized vinylic copolymer. In such implementations, the material can be a one
component system.

Hvbrid systems

Some or all of the formulation systems mentioned above may be combined together to
form a hybrid system. The hybrid systems can either be a hybrid copolymer sysiem in a
30  homogeneous medium or a hybrid dispersion. Hybrid dispersions contain two chemical
classes which interact cooperatively to provide desired properties, typically in a water-based
carrier. In some implementations, the material can be a one or a two component hybrid

material in a water-based carrier. In such implementations, the hybrid material can be a
20
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such implementations, an external crosslinker can include an polycarbodiimide, an aziridine,
or an imidazoline.
In some implementations, the material can be a one component hybrid material in a
5  water-based carrier. In such implementations, the hybrid material can be a combination of
polyurethane dispersion (PUD)/acrylic, polyvinyl acetate/acrylic, polyvinyl acetate/epoxy,
polyvinyl acetate/polyurethane, or polyvinyl alcohols. In such implementations, an external
crosslinker can include an polycarbodiimide, an aziridine, or an imidazohine.
Polvols
10 An acrylic polyol is an example of a polyol that can be reacted with the reactive
groups such as isocyanates, epoxides and other such reactive groups to produce the coatings.
Acrylic polyols can be typically obtained by polymerization (free-radical mediated) of
hydroxyacrylates and styrene. Examples of hydroxyacrylates include butanediol
monoacrylate (BDMA), 2-hydroxyethyl acrylate (HEA), 2-hydroxypropyl acrylate (HPA),
15 hydroxybutyl acrylate, polycaprolactone modified hydroxyethyl hexylacrylate. In some
implementations, the percentage weight of acrylic polyol in the total material formulation can
be about 16%, e.g., about 12%, about 13%, about 14%, about 15%, about 17%, or even about
18%. In some implementations, the percentage weight of acrylic polyol in the total material
formulation can be from about 10% to about 20%, e.g., from about 11% to about 19%, from
20  about 12% to about 18%, from about 13% to about 17%, or from about 14% to about 16%.
A polyoxyalkylene diol is an example of another polyol that can be used to produce
the coatings. In some implementations, the polyoxyalkylene diols have a number average
molecular weight of from about 200 to 3,000, e.g., from about 500 to about 2,000, as
determined using narrow disperse polyethylene glycol standards. Specific examples of
25  polyoxyalkylene diols include polyethyleneether glycol, polypropyleneether glycol,
polybutyleneether glycol, polytetramethyleneether glycol, and copolymers of
polypropyleneether and polyethyleneether glycols. Mixtures of any of the polyoxyalkylene
diols can also be used.
Polyester polyols or polyester diols are polyesters having terminal hydroxyl groups
30  and are examples of polyols that can be used to produce the coatings. Such polyester diols
can be prepared by the condensation of a diol, such as ethylene glycol, propanediol-1,2,
propanediol-1,3, butanediol-1,3, butanediol-1,4, pentanediol-1,2, pentanediol-1,5, hexanediol-

1,3, hexanediol-1,6, diethylene glycol, dipropylene glycol, triethylene giycol, tetraethylene
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20  disperse polyethylene glycol standards. Polyurcthane diols can be advantageousty utilized to
provide particularly wear and scratch resistant coatings. The polyurethane having terminal
hydroxyl groups can be prepared by a reaction of any one or more of the polyols discussed
above and an organic diisocyanate to provide a isocyanate terminated prepolymer, followed
by reaction of the prepolymer with a polyhydric alcohol containing 2-6 hydroxyl groups.

25  Some polyurethane diols are commercially available from Sigma-Aldrich chemicals or King
industries.

The diol can be reacted with the diisocyanate utilizing a molar ratio of about 1:2,
respectively, in the presence of an activator (or accelerator) such as oxazolidine or an
organotin compound, e.g., dibutyltin dilaurate or dibutyltin dioctoate. The reaction can be

30 allowed to proceed at a temperature of from about 60 °C to about 180 °C, from about 4 hours
to about 24 hours to provide the isocyanate terminated prepolymer.

The isocyanate terminated urethane prepolymer can then be reacted, e.g., at from

about 60 °C to about 110 °C for 1 to about 10 hours, with a monomeric, polyhydric alcohol
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that can be used include 1,4-cyclohexane dimethanol, 1,4-butanediol, mannitol, trimethylol
propane, trimethylol ethane, 1,1-cyclohexane dimethanol, hydrogenated bisphenol A,
cyclohexane diol, neopentyl glycol, trimethylpentanediol, pentaerythriiol, and
5 trimethylhexanediol. The result of treating the isocyanate terminated urethane prepolymer
with the one or more alcohols is a polyurethane diol having 2-10 terminal hydroxyl groups
and no isocyanates groups.
Polyurethane diols can also be made by reacting organic carbonates with amines.
In some implementations in which a polyurethane diol is used to make the coating, the
10  molar proportion of polyurethane diol to the alkoxyalkylamino material can range from about
10:1 to about 1:1, e.g., 5:1 to 1:1.
Examples of commercial polyols include, but are not limited to, Desmophen®
(available from Bayer), Macrynal® (available from Cytec Industries), and Arolon® (available
from Reichold).
15 In some implementations, the material can include an external crosslinker, such as a
polycarbodiimide, an aziridine, or an imidazoline.

Other implementations:

In some optional implementations, the material can be or includes a reaction product

of a first component that includes an alkoxyalkylamino material in a water-based carrier and a
20  second component that includes a polyol in a water-based carrier. In such implementations,
the alkoxvalkylamino material can serve as a crosslinking material.

In vet other optional implementations, the material can be or includes an alkyd
material in a water-based carrier. In such implementations, the oil part of the material can be
castor oil, soybean oil, sunflower oil, soya oil, linseed oil, or their mixtures. In such

25 implementations, the material can be a one or a two component system.

In yet other optional implementations, the material can be selected from fluorine based
resins or silica based resins. In such implementations, the material can be a one or a two
component system.

In yet other optional implementations, the material can be selected from a rosin

30  phenolic, an epoxy ester, polyurea, polyaspartics, or adipic dihydrazine based. In such
implementations, the material can be a two component system.

Solvents
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i sophoriangafieits 86 ¥8RA By heBf, &i98elieved that solvents can be effective as a dispersive
vehicle for the pigments and resins in a coating formulation prior to curing. During the
application of the formulation, they aid in achieving an appropriate viscosity of the

5  formulation. However, after the coating has been cured, it can be expected that there is no

residual solvent. The solvents can include 2-butoxyethanol, ethylene glycol, ethyl benzene,
xylenes, methyl amyl ketone, isopropyl alcohol, propylene glycol monomethyl ether, ethylene
glycol monobutyl ether, butanol, paraffins, alkanes, polypropylene giycol, Stoddard solvent,
toluene, ethoxylated alkylphenol, 1-methyl-2-pyrrolidinone, or 1-ethylpyrrolidin-2-one.

10 Other modifving acents in the formulations

Accelerators that can be used in the formulation include catalysts such as dibutyltin
dialkanoate (e.g., dibutyltin dialaurate, dibutyltin dioctoate), and oxazolidine. Acid promoters
include sulfonic acids, e.g., aryl, alkyl, and aralkyl sulfonic acids; aryl, alkyl, and aralkyl
phosphoric and phosphonic acids; aryl, alkyl, and aralkyl acid pyrophosphates; carboxylic

15 acids; sulfonimides; mineral acids and mixtures thereof. In some implementations,
phosphoric acid can be utilized. Examples of sulfonic acids include benzenesulfonic acid,
para-toluenesulfonic acid, dodecylbenzenesulfonic acid, and naphthalenesulfonic acid.
Examples of aryl, alkyl, and aralkyl phosphates and pyrophosphates include phenyl, para-
tolyl, methyl ethyl, benzyl, diphenyl, di-para-tolyl, di-methyl, di-ethyl, di-benzyl, phenyl-

20  para-tolyl, methyl-ethyl, phenyl-benzyl phosphates and pyrophosphates. Examples of
carboxylic acids include benzoic acid, formic acid, acetic acid, propionic acid, butyric acid,
dicarboxyiic acids such as oxalic acid, and fluorinated acids such as trifluoroacetic acid.
Examples of sulfonimides include dibenzene sulfonimide, di-para-toluene sulfonimide,
methyl-para-toluene sulfonimide, and dimethyl sulfonamide. Examples of mineral acids

25 include nitric acid, sulfuric acid and hydrochloric acid.

The curable compositions can also contain other optional ingredients such as fillers,
surfactants, light stabilizers, pigments, opacifying agents, defoaming agent, surface gloss-
modifying agent, biocides, a viscosity-modifying agent, dispersing agenis, reactive diluents,
extender pigments, inhibitors for corrosion or efflorescence, flame retardants, intumescent

30  agents, thermal agents for energy efficiency, additives for protection from UV and/or IR, self-

cleaning agents, perfumes, or odor sustatning agents.
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isomers). The contents were then mixed at slow speeds until fully dispersed. The speed was
20 maintained at no more than 100-200 rpm. Titanium dioxide, aluminum hydroxide,
amorphous silica and water were then added to the mixture in the pot, while increasing the
speed to achieve a good vortex. Final RPM settings were between 2,000-3,000 rpm. The
speed was adjusted until maximum shear was obtained with minimal integration of air and
mixed for 10-15 minutes, or a Hegman of 5-6. After ascertaining that there were no chunks,
25  the speed was increased to achieve sufficient vortex. A sufficient RPM was maintained while
keeping the temperature in the pot below 95-110 °F. Hegman at this point was at least a 7.
Once Hegman was achieved, mixing speed was reduced until the pot was just mixing the raw
materials and continued for 10-15 minutes.
During the letdown stage, propylene glycol monomethyl ether, methyl amyl ketone
30  and isopropyl alcohol were added to the grind mixture. The speed was maintained to mix the

material. After 15-20 minutes the product was packaged.
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paraffins 0.040-0.050 nodi fied polyacrylate 0.01-0.50 titanium di oxi de
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0. 040- 0. 085 et hoxyl at ed al kyl phenol 0.008-0.041 acrylic
0.07-0. 14

nodi fied urea 0.035-0.038 1-nethyl-2-pyrrolidone 0.020-0.045

Second Component: The high acid value polyester, ethylene glycol monobutyl ether
and isopropyl alcohol mixture was the second component of the final product. No mixing
was required for these materials.

Combining the First and Second Components: The first and second components were

5  combined, when desired, to obtain the final coating formulation. The combination had a pot
life of a maximum of about 1 hour during which time the application was completed. The
composition of the formuiation is described in Table 1.

Table 1. Epoxy and alcohol based formulation
o
Component range % by wt on total
formula
oxirane-modified fatty acid ester 17-20
stoddard solvent 0.10-0.14
butylglycolate 0.005-0.02
2-butoxyethanol 0.001-0.006
alkylarylalkoxylate 0.02-0.13
ester/styrene maleic anhydride copolymer 0.01-0.10
ethylene glycol 0.01-0.03
2,4,7,9-tetramethyl-5-decyne-4,7-diol 0.01-0.03
ethyl benzene 0.04-0.07
xylenes 0.4-0.6
titanium dioxide 13-15
aluminum hydroxide 1-3
amorphous silica 1-3
water 4-6
propylene glycol monomethyl ether 1-3
methyl amyl ketone 5-7
isopropyl alcohol 3-6
high acid value polyester 20-23
ethylene glycol monobutyl ether 4-6
tsopropy! alcohol 4-6
10
EXAMPLE 2:

First Component: During the grind stage, to the pot were added, in order, in the ranges
of weight % listed in Table 2: water, polyetherpolysiloxane, polyalkylene oxide,
alkylarylalkoxylate, ester/styrene maleic anhydride copolymer, ethylene glycol, 2,4,7,9-

15  tetramethyl-5-decyne-4,7-diol, 2-butoxyethanol, polypropylene glycol and polysiloxanes. The

contents were then mixed at slow speeds until fully dispersed. The speed was maintained at
no more than 100-200 rpm. Titanium dioxide, aluminum hydroxide, amorphous silica and
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m nutes, polyurethane resin was added to the pot. The speed was fmai ntai ned
to mx beeliisedyenatgland AydwphilB-fphetinpelysoctraaisridedon pavkegdene Second
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t he Fi rtatseangteSeleond Conponents: The first and second conponents were

conbi ned, when desired, to obtain the final coating fornulation. The
conbi nat i on G@#LFinRgHe First and Second Components: The first and second components were

combined, when desired, to obtain the final coating formulation. The combination had a pot
life of a maximum of about I hour during which time the application was completed. The

20  composition of the formulation is described in Table 2.

Table 2. Isocyanate with acrylic polyol based formulation

Range % by wt on

Component total formula
water 19-24
polyetherpolysiloxane 0.008-0.012
polyalkylene oxide 0.004-0.006
alkcylarylalkoxylate 0.12-0.36
ester/styrene maleic anhydride copolymer 0.15-0.40
ethylene glycol ' 0.04-0.12
2,4,7.9-tetramethyl-5-decyne-4,7-diol 0.04-0.08
2-butoxyethanol 0.006-0.010
polypropylene glycol (0.90-1.00
polysiloxanes 0.036-0.041
titanium dioxide 21-23
aluminum hydroxide 1-3
amorphous silica 1-3




life of a maxi mum of about 1 hour during which tinme the application was
conpl eted. The conposition of the fornulation is described in Table 5. 10
Tabl e 5. Pol yurethane based fornmnul ati on Conponent Range % by wt on total
formul a wat er 55-60 xylene 0.0025-0.0035 pol ypropyl ene glycol 0.14-0.29
pol ysi | oxanes--0.-54-0. 56 functionalized polyacrylate copolyner 0 25-0.26

al kanes ngethyl tgnzignidaiols-dxy eathamate 1. 49- 1. 54 et hoxyl A05eD.09 kyl pheno
0.002-0kPdn t it ani um di oxi de 19-24 al um num hydr oxi| de713.89 amor phous silica
1-3 3-i0do-2-propynyl butyl carbamate 0.03-0.05

synthetic fatty acids modified acrylic copolymer 23-29

butanol 1.9-2.1

N,N-dimethylcyclohexylamine 1.5-1.7

hexamethylene-1,6-diisocyanate 0.17-0.19

hydrophilic aliphatic polyisocyanate based on hexamethylene

diisocyanate 32-36

EXAMPLE 3:

First Component: During the grind stage, to the pot were added, in order, in the ranges
of weight % listed in Table 3: water, polyetherpolysiloxane, polyalkylene oxide,

5  alkylarylalkoxylate, ester/styrene maleic anhydride copolymer, ethylene glyeol, 2,4,7,9-
tetramethyl-5-decyne-4,7-diol, 2-butoxyethanol, polypropylene glycol and polysiloxanes. The
contents were then mixed at slow speeds until fully dispersed. The speed was maintained at
no more than 100-200 rpm. Titanium dioxide, aluminum hydroxide, amorphous silica and
water were added to the mixture in the pot, while increasing the speed to achieve a good

10 vortex. Final RPM settings were between 2,000-3,000 rpm. The speed was adjusted until
maximum shear was obtained with minimal integration of air and mixed for 10-15 minutes, or
a Hegman of 5-6. After ascertaining that there were no chunks, the speed was increased to
achieve sufficient vortex. A sufficient RPM was maintained while keeping the temperature in
the pot below 95-110 °F. Hegman at this point was at least a 7. Once Hegman was achieved,

15 mixing speed was reduced until the pot was just mixing the raw materials and continued for
10-15 minutes.

During the letdown stage, 2-amino-2-methyl-1-propanol, 2-(methylamino)-2-methyl-
1-propanol, methyl benzimidazole-2-yi carbamate, Koalin and 3—iodo-2-propynyl butyl
carbamate were added to the grind mixture. After less than 5-10 minutes, synthetic fatty acids

20  modified acrylic copolymer and butanol were added to the pot. The speed was maintained to
mix the material. After 15-20 minutes the product was packaged.

Second Component: The mixture of homopolymer of hexane-1,6-diisocyanate, n-butyl
acetate, polyoxyethylene tridecyl ether phosphate, NJV—dimethyl-cyclohexanamine, 1,6-
diisocyanato-hexane and isophorone diisocyanate was the second component of the final

25  product. No mixing was required for these materials.
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EXAMPL Ecéinbined, when desired, to obtain the final coating formulation. The combination had a pot

life of a maximum of about 1 hour during which time the application was completed. The

composition of the formulation is described in Table 3.

5
Table 3. Isocyanaie based formulation containing IPDI
Range % by wt on total
Component formula
water 19-24
polyetherpolysiloxane 0.008-0.012
polyalkylene oxide 0.004-0.006
alkylarylalkoxylate 0.12-0.36
ester/styrene maleic anhydride copolymer 0.15-0.40
ethylene glycol 0.04-0.12
2,4,7,8- tetramethyl-5-decyne-4,7-diol 0.04-0.08
2- butoxyethanol 0.006-0.010
polypropylene glycol 0.90-1.00
polysiloxanes 0.036-0.041
titanium dioxide 21-23
aluminum hydroxide 1-3
amorphous silica -3
2-amino-2-methyl-1-propanol 0.05-0.07
2-(methylamino)-2-methyl-1-propanol 0.003-0.005
methyl benzimidazole-2-yl carbamate 0.07-0.09
koalin 0.07-0.09
3-iodo-2-propynyl butyl carbamate 0.03-0.05
synthetic fatty acids modified acrylic copolymer 23-29
butanol 1.9-2.1
1,6-dnisocyanato-hexane, homopolymer 16-18
n-butyl acetate 4.5-7.5
polyoxyethylene tridecyl ether phosphate 2-4
N,N-dimethyl-cyclohexanamine 0.65-0.75
1,6-diisocyanato-hexane 0.08-0.09
1sophorone diisocyanate | 0.08-0.09

EXAMPLE 4:

First Component. During the grind stage, to the pot were added, in order, in the ranges
10 of weight % listed in Table 4: water, poly amine adduct, tetracthylenepentamine, a mixture of

polymers and hydrophobic polymers, 2-ethyl-Thexanol, paraffins, and modified polyacrylate.
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During the grind stage, to the pot were added, in order, in the ranges of
weight %listed in Table 6. water, propylene glycol, xylene, polypropyl ene
gl ycol, polysiloxanes, 15 pol ycarboxyl ate-sodi um salt, al kanes,
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in Table 6. Table 6. Vinyl acetate-ethylene based formilatio onent

Range 98dsipdiip thsreringpaixtrer Fhe sperdtveas mainBineg to pyik dhemgteyieb| A(ftesd]asetha@ 5-
xyl ene 8% fled3c ﬁl: X8R %Bgly%%\f%.Rtﬁlg-mgrgoxymghﬁohy%{%zlp?‘())(]?arﬁ%?were %l 0

pol ycar boxy até od| um sal
the pot. The speed was maintained to mix the material. Afier less than 5-10 minutes, solution

15 of modified urea, 1-methyl-2-pyrrolidone and lithium chloride were added to the pot. The
speed was maintained to mix the material. After less than 5-10 minutes, polysiloxane and
polyethylene glycol were added to the pot. The speed was maintained to mix the material.
Afier 15-20 minutes the product was packaged.

Second Component: The diglycidyl ether of bisphenol-A homopolymer mixture was

20  the second component of the final product. No mixing was required for these materials.

Combining the First and Second Components: The first and second components were
combined, when desired, to obtain the final coating formulation. The combination had a pot
life of a maximum of about 1-2 hours during which time the application was completed. The

composition of the formulation is described in Table 4.

25
Table 4. Epoxy and amine based formulation
Range % by wt on total
Component formula
water 27-32
poly amine adduct 6-7
tetraethylenepentamine 0.40-1.00
mixture of polymers and hydrophobic polymers 0.018-0.021
2-ethyl-1-hexanol 0.6015-0.0025
paraffins 0.040-0.050
modified polyacrylate 0.01-0.50
titanium dioxide 12-16
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2-methoxymethylethoxy-propanol
modified urea
1-methyl-2-pyrrolidone
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polysiloxane

polyethylene glycol

0:008-0.041
0.11-0.13
0.07-0.14
0.035-0.038
0.020-0.045
0.0005-0.0010
0.01-0.10
0.01-0.10

10

15

20

diglycidyl ether of bisphenol-A homopolymer 49-51

EXAMPLE 5:

First Component: During the grind stage, to the pot were added, in order, in the ranges
of weight % listed in Table 5: water, xylene, polypropylene glycol, polysiloxanes,
functionalized polyacrylate copolymer, alkanes, 2-butoxyethanol and ethoxylated
alkylphenol. The contents were then mixed at slow speeds until fully dispersed. The speed
was maintained at no more than 100-200 rpm. Titanium dioxide, aluminum hydroxide,
amorphous silica and water were added to the mixture in the pot, while increasing the speed to
achieve a good vortex. Final RPM settings were between 2,000-3,000 rpm. The speed was
adjusted until maximum shear was obtained with minimal integration of air and mixed for 10-
15 minutes, or a Hegman of 5-6. After ascertaining that there were no chunks, the speed was
increased to achieve sufficient vortex. A sufficient RPM was maintained while keeping the
temperature in the pot below 95-110 °F. Hegman at this point was at least a 7. Once Hegman
was achieved, mixing speed was reduced until the pot was just mixing the raw materials and
continued for 10-15 minutes.

During the letdown stage, 2-amino-2-methyl-1-propanol and 2-(methylamino)-2-
methyl-1-propanol were added to the grind mixture. After less than 5-10 minutes, N,N-
diethylethanamine, polyurethane resin and 1-methyl-2-pyrrolidinone were added to the pot.
The speed was maintained fo mix the material. After less than 5-10 minutes, fluoroaliphatic
polymeric esters +(5049P), residual organic fluorochemicals, toulene and fluorochemical
monomers were added to the pot. The speed was maintained to mix the material. After less

than 5-10 minutes polyurethane resin was added to the pot. After less than 5-10 minutes,
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400 rpm There was no Hegman grind to nmeasure in this formul a Once bl endi ng
was achi eved, m xi ng speed was reduced until the pot was just m xing the
raw materials and continued for 10-15 m nutes. The speed was naintained to
mx the material. After 15-20 minutes the product was packaged. The

conposition of the fornulation is d crlb din TabJe -ft)7. Table 7.
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di sper sgehp omi%n&ﬁ@ﬁafdmmaﬁaﬁm@saﬁ@b@in Téblewr e than 100-200 rpm Titani um
di oxi de, aI um num hydroxi de, amorphous silica and water were added to the

m xture in the pot, while increasing the speed to achi eve a good vort ex.
Fi nal Hile bt Pbky@lsethenebbmdvﬁemumt&ﬁo-& 000 rpm The speed was adj usted

until |a maxi mum shear was obtained with nmininal intdumie %Wbpivtanrtotind

m xed f or 10cdmpahbnd s, or formula
water 55-60
xylene 0.0025-0.0035
polypropylene glycol 0.14-0.29
polysiloxanes 0.54-0.56
functionalized polyacrylate copolymer 0.25-0.26
alkanes 0.11-0.19
Z2-butoxyethanol 1.49-1.54
ethoxylated alkylphenol 0.002-0.010
titanium dioxide 19-24
aluminum hydroxide 1-2
amorphous silica 1-3
2-amino-2-methyl-1-propanol 0.15-0.17
2-(methylamino)-2-methyl-1-propanol 0.08-0.010
N,N-diethylethanamine 0.40-1.00
polyurethane resin 13-15
1-methyl-2-pyrrolidinone 7-8
fluoroaliphatic polymeric esters +(5049p) 0.13-0.15
residual organic fluorochemicals 0.0040-0.0045
toluene ' 0.0020-0.0025
fluorochemical monomer 0.0015-0.0620
polyurethane resin 0.09-0.010
polyurethane resin 0.39-0.44
polyfunctional aziridine 0.64-0.67
EXAMPLE 6:

During the grind stage, to the pot were added, in order, in the ranges of weight %
listed in Table 6: water, propylene glycol, xylene, polypropylene glycol, polysiloxanes,
15 polycarboxylate-sodium salt, alkanes, 2-butoxyethanol and ethoxylated alkylphenol. The
32
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thenylne%g%})-ﬁo-(l,l,s 3, -tetranet hyl but yl ) phenoxypol y(oxy- 1- 2- et hanedi y1
4 Adffer 1e 5-10

) 0. 080% ss than minutes, 2,2,4-trimethyl-1,3-pentariediol Imonoisobutyrate was
added to the pot. The speed was maintained to mix the material. After less than 5-10
minutes, polyurethane resins and enzymatically modified starch were added to the pot. The

15 speed was maintained to mix the material. After 15-20 minutes the product was packaged.

The composition of the formulation is described in Table 6.

Table 6. Vinyl acetate-ethvlene based formulation

Range % by wt on total
Component formula
water 44-54
propylene glycol 0.60-0.70
xylene 0.02-0.03
polypropylene glycol 1.00-2.60
polysiloxanes 0.30-0.40
polycarboxylate, sodium salt 0.42-0.47
alkanes 0.74-1.23
2-butoxyethanol 0.06-0.12
ethoxylated alkylphenol 0.01-0.06
titanium dioxide 24-30
aluminum hydroxide 1-3
amorphous silica 1-4
vinyl acetate/cthylene copolymer 17-25
2,2 4-trimethyl-1,3-pentanediol monoisobutyrate 1-2
polyurethane resin 0.29-0.36
polyurethane resin 0.16-0.20
enzymatically modified starch 0.04-0.06
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pol yet hyl ene glycols, nmono {(1,1,3,3- tetramethylbutyl)phenyl} ether
0.013-0. 015 Xylene 0.1-0.2 Polysiloxanes 0.015-0.025 titanium di oxide 17-21
al um num hydr oxi de 1-2 anorphous silica 1-3 acrylic nononers 24-27
2,2,4-trinmethyl -1, 3- pent anedi ol nonoi sobutyrate 0.74-0.77 pol yuret hane
resin OgRaNgpLR 72- but oxyet hanol 0. 26-0.32 Pol ypropyl ene gl ycol 0.10-0.20
pol yet hyl'ene gl'ycol octyl phenyl ether 0.40-0.43 poly(ethyl ene oxide)

0. 010- 0. 014 During the grind stage, to the pot were added, in order, in the ranges of weight %

listed in Table 7: water, N,N-diethylethanamine, polyurethane resin, 1-methyl-2-
pyrrolidinone, alkanes, 2-butoxyethanol and ethoxylated alkylphenol. The contents were then
5  mixed at slow speeds until fully dispersed. The speed was maintained at no more than 200-
400 rpm. There was no Hegman grind to measure in this formula. Once blending was
achieved, mixing speed was reduced until the pot was just mixing the raw materials and
continued for 10-15 minutes. The speed was maintained to mix the material. After 15-20
minutes the product was packaged. The composition of the formulation is described in Table

10 7.

Table 7. Polyurethane (oil modified) based formulation

Range % by wt on total
Component formula
water 63-65
N, N-diethylethanamine 1-2
polyurethane resin , 29-30
1-methyl-2-pyrrolidinone 3.8-5.7
alkanes 0.60-1.00
2-butoxyethanol 0.05-0.10
ethoxylated alkylphenol 0.01-0.05
EXAMPLE 8.
15 During the grind stage, to the pot were added, in order, in the ranges of weight %

listed in Table 8: water, chloro-2-methyl-4-isothiazolin-3-one, 2-methyl-4-isothiazolin-3-one,
magnesium chloride, magnesium nitrate, polycarboxylate-sodium salt, ammonium hydroxide,
I-(phenylmethyl)-w-(1,1,3,3 -tetramethylbutyl)phenoxy poly(oxy-1-2-ethanediyl),
mono{(1,1,3,3-tetramethylbutyl)phenyl} ether polyethylene glycols, xylene and polysiloxanes.
20  The contents were then mixed at slow speeds until fully dispersed. The speed was maintained
at no more than 100-200 rpm. Titanium dioxide, aluminum hydroxide, amorphous silica and
water were added to the mixture in the pot, while increasing the speed to achieve a good
vortex. Final RPM settings were between 2,000-3,000 rpm. The speed was adjusted until a
maximum shear was obtained with minimal integration of air and mixed for 10-15 minutes, or
25 aHegman of 5-6. After ascertaining that there were no chunks, the speed was increased to
achieve sufficient vortex. A sufficient RPM was maintained while keeping the temperature in

the pot below 95-110 °F. Hegman at this point was at least a 7. Once Hegman was achieved,
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propyl ene glycol 0.55-0.59 polyurethane resin0.055-0.065 EXAMPLE 9:
During the grind stage, to the pot were added, in order, in the ranges of
weight %listed in Table 9: water, xylene, polypropylene glycol,

pol ysi | oxanes, functionalized 5pol yacryl ate copol yner, al kanes,

2- but oxyet hanol and eéhoxyl at ed al kyl phengl. The contents were then m xed
at sl owndHBEgResGY 3 redynefyng} @P%@éﬂl@h@l&lﬁéé&rﬂa@ﬁtﬁmﬁ ané eentrueAdompr e
than 100529Q,;hp Ti tani um di oxi de, al um num hydroxi de, anorphous silica
and water were added to the mixture in the pot, while increasing the speed
to achi eve aDgoiad tholetdexvn ﬁgmahcrﬂ%ﬁmabmem@emﬁéedmttMEgﬁnanﬁﬁﬁhfé B886r rpm
The speed ) | ust ed t]l. maxi shear was, obt ai ned with nini mal

i ntegr af‘?%waaﬁfs?ﬂd TP, Er\ngeﬂ"“'f‘?}ﬁylnggn ﬁnm“ﬁ@@gglon@ﬁo@tﬂé&rﬁﬁs ided to e paft er
ascef t arpg , hi eve
T 1 o e A s D e R D E R hete

t enper atasineandr2-bhtex prharvé Meve ghled 1d eFhot HEGmapeedtwashianjatiedtto wais thd | east a

st o aiay na RBEle S e S el TR e Pt e sthera 1 EDur 1 ng the
| et downpsiyaaeylerds GHTHEGrete BB L tHe tomﬁ%ema@mﬁﬂ%&ﬂé{i RhA%he faatd®i hy! -

-propanol were added to the grind mxture After less than 5-10 m nutes, N
, N di efipr @Sﬁ&ﬁarﬁ-%mlrpmwnmb’}mnglmbms addedio et Pl The speadokasddi none wer e

added {Qelieagol miy e 3PS A R hRbE R Ifalbs po DBl Sh vubiaiey ©°°°
P poly { )§

or gani cthelpser mﬁ@qmea a8 mdiflaiiRD € aRgtHd Mateaah aice a5-220n HARQ MRS paLE vAdded
to the pot. The speed was nmaintained to mx the material. After | ess than

5-10 m n@ﬂkégeqaoTWOémmﬁ@nr@sf,hmfomglaaeaeﬁd@S@nb%mp?ﬁble fhe speed was
mai ntained to mx the materlal After |less than 5-10 m nutes, pol yurethane

resin S d tp the eed. was maintained to m'xthe mat eri al .
Af ter hﬁ%ﬂy Qemﬂ haﬁ¢B%0¥Fﬁu] Z'rl an ! : fe N—t hn m xture.\nas

(

gr eat ef than 4 hours but |ess than 24 hours. The cojB88ge VoRYdTt amtotal
25f or mulLat i oOMPeBEr i hed_in Table 9. Tahle 9. Pol yfaremddne based
formul aWader Conponent Range % by wt on total formul p53A0er 55-60 Xyl ene
0. 00251 EhiBR3nahYIPL-RBHi S&8nd-yeo! 0. 14-0. 29 0.00016-0.00020
2-methyl-4-isothiazolin-3-one 0.0004-0.0007
magnesium chloride 0.001-0.002
magnesium nitrate 0.002-0.003
polycarboxylate, sodium salt 0.11-0.14
ammonium hydroxide 0.025-0.028
I-(phenylmethyl)-w-(1,1,3,3,-tetramethylbutyl )phenoxy-
poly(oxy-1-2-ethanediyl) 0.080-0.084
polyethylene glycols, mono {(1,1,3,3-
tetramethylbutyljphenyl}ether 0.013-0.015
Xylene 0.1-0.2
Polysiloxanes 0.015-0.025
titanium dioxide 17-21
aluminum hydroxide 1-2
amorphous silica 1-3
acrylic monomers 24-27
2,2 4-trimethyl-1,3-pentanediol monoisobutyrate 0.74-0.77
polyurethane resin 0.55-0.61
2-butoxyethanol 0.26-0.32
Polypropylene glycol 0.10-0.20
polvethylene glycol octylphenyl ether 0.40-0.43
poly(ethylene oxide) 0.010-0.014
propylene glycol 0.55-0.59
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Pol ysi | oxanes 0.54-0.56 functionalized pol yacryl ate copol yner 0.25-0. 26

al kalies 0.11-0.19 2-butoxyethanol 1.49-1.54 ethoxyl ated al kyl phenol
0.002-0.010 titani um di oxi de 19-24 al um num hydroxi de 1-2 anorphous silica
1-3 2-am no- 2-net hyl - 1- propanol 0. 15-0. 17

2-(nmethylam no)-2-nmethyl -1-propanol 0 _08-0_010 N N-diethyl et hanam ne
0.40-ip©andhym$R$hane resin 13-15 |0ﬂ5541065

EXAMPLE 9:
During the grind stage, to the pot were added, in order, in the ranges of weight %
listed in Table 9: water, xylene, polypropylene glycol, polysiloxanes, functionalized
5  polyacrylate copolymer, alkanes, 2-butoxyethanol and ethoxylated alkylphenol. The contents

were then mixed at siow speeds until fully dispersed. The speed was maintained at no more
than 100-200 rpm. Titanium dioxide, aluminum hydroxide, amorphous silica and water were
added to the mixture in the pot, while increasing the speed to achieve a good vortex. Final
RPM settings were between 2,000-3,000 rpm. The speed was adjusted until maximum shear

10 was obtained with minimal integration of atr and mixed for 10-15 minutes, or a Hegman of 5-
6. After ascertaining that there were no chunks, the speed was increased to achieve sufficient
vortex. A sufficient RPM was maintained while keeping the temperature in the pot below 95-
110 °F. Hegman at this point was at least a 7. Once Hegman was achieved, mixing speed
was reduced until the pot was just mixing the raw materials and continued for 10-15 minutes.

15 During the letdown stage, 2-amino-2-methyl-1-propanol and 2-(methylamino)-2-
methyl-1-propanol were added to the grind mixture. After less than 5-10 minutes, N,N-
diethylethanamine, polyurethane resin and 1-methyl-2-pyrrolidinone were added to the pot.
The speed was maintained to mix the material. After less than 5-10 minutes, fluoroaliphatic
polymeric esters +(5049P), residual organic fluorochemicals, toluene and fluorochemical

20  monomer were added to the pot. The speed was maintained to mix the material. After less
than 5-10 minutes polyurethane resin was added to the pot. The speed was maintained to mix
the material. After less than 5-10 minutes, polyurethane resin was added to the pot. The speed
was maintained to mix the material. After 15-20 minutes the product packaged. Potlife on
the mixture was greater than 4 hours but less than 24 hours. The composition of the

25  formulation is described in Table 9.

Table 9. Polyurethane based formulation

Range % by wt on total
Component formula
Water 55-60
Xylene 0.0025-0.0035
polypropylene glycol 0.14-0.29
Polysiloxanes - 0.54-0.56
functionalized polyacrylate copolymer 0.25-0.26
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EXAMPLE 10:

During the grind stage, to the pot were added, in order, in the ranges of weight %

listed in Table 10: water, polyurethane dispersion, benzyl benzoate, dipropylene glycol butyl

ether, tri-n-butyl citrate and propylene glycol. The contents were then mixed at slow speeds

until fully dispersed. The speed was maintained at no more than

200-400 rpm. There was no

Hegman grind to measure in this formula. Once blending was achieved, mixing speed was

reduced until the pot was just mixing the raw materials and continued for 10-15 minutes.

During the letdown stage, 2,4,7,9-tetramethyl-5-decyne-4,7-diol, and ethylene glycol

were added to the pot. The speed was maintained to mix the material. After less than 5-10

minutes, an emulsion of organo-modified polysiloxanes and I-octadecyl-w-hydroxy poly(oxy-

1,2-ethanediyl), was added to the pot. The speed was maintained

less than 5-10 minutes, nonionic polyethylene wax was added to

to mix the material. Afier

the pot. The speed was

maintained to mix the material. After 15-20 minutes the product was packaged. The

composition of the formulation is described in Table 10.

Table 10. Polyurethane dispersion based formulation

Range % by wt on total

Component formula
Water 15-22
polyurethane resin 68-75
benzyl benzoate 1-3

e
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Range % by wt on total formula Water 15-22 polyurethane resin 68-75 benzyl
benzoate 1-3 di propyl ene glycol butyl ether 5-7 tri-n-butyl citrate

0.73-0.76 propyl ene glycol 0.90-1.00 2,4,7,9-tetramethyl-5-decyne-4,7-di ol
1-1.1 ethylene glycol 0.34-0.37 enul sion of organo-nodified polysil oxanes

0. 20- O—22-+—oct-adeecyt-co-hydroxy—poly(oxy-1,2-ethanediyl) 0.002-0 010
noni onj dPrnReIEy o Buizhather 65- 0. 68 5-7
tri-n-butyl citrate 0.73-0.76
propylene glycol 0.90-1.00
2,4,7,9-tetramethyl-5-decyne-4,7-diol 1-1.1
ethylene giycol 0.34-0.37
emulsion of organo-modified polysiloxanes 0.20-0.22
I-octadecyl-w-hydroxy poly(oxy-1,2-ethanediyl) 0.002-0.010
nonionic polyethylene wax 0.65-0.68
EXAMPLE 11:

During the grind stage, to the pot were added, in order, in the ranges of weight %
listed in Table 11: water, propylene glycol, polypropylene glycol, polysiloxanes,

5  polycarboxylate-sodium salt, alkanes, 2-butoxyethanol and ethoxylated alkylphenol. The
contents were then mixed at slow speeds until fully dispersed. The speed was maintained at
no more than 100-200 rpm. Titanium dioxide, aluminum hydroxide, amorphous silica and
water were added to the mixture in the pot, while increasing the speed to achieve a good
vortex. Final RPM settings were between 2,000-3,000 rpm. The speed was adjusted until

10 maximum shear was obtained with minimal integration of air and mixed for 10-15 minutes, or
a Hegman of 5-6. After ascertaining that there were no chunks, the speed was increased to
achieve sufficient vortex. A sufficient RPM was maintained while keeping the temperature in
the pot below 95-110 °F. Hegman at this point was at least a 7. Once Hegman was achieved,
mixing speed was reduced until the pot was just mixing the raw materials and continued for

15 10-15 minutes.

During the letdown stage, polyurethane/acrylic mixture, 1-ethylpyrrolidin-2-one and
2-(2-butoxyethoxy) ethanol were added to the grind mixture. The speed was maintained to
mix the material. After less than 5-10 minutes, benzoate esters were added to the pot. The
speed was maintained to mix the material. After less than 5-10 minutes, polyurethane resin

20 was added to the pot. The speed was maintained to mix the material. After less than 5-10
minutes, polyurethane resin and enzymatically modified starch were added to the pot. The
speed was maintained to mix the material. After 15-20 minutes the product was packaged.

The composition of the formulation is described in Table 11.

25 Table 11. Hybrid polyurethane-acrylic dispersion based formulation

Component Range % by wt on totai formula
water 52-60
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EXAMPLE 11: During the grind stage, to the pot were added, in order,
in the ranges of weight %listed in Table 11.: water, propylene glycol,

pol ypr opyl ene gl ycol, polysiloxanes, 5pol ycarboxyl at e-sodi um salt, al kanes,
2- but oxyet hanol and et hoxyl at ed al kyl phenol. The contents were then m xed
at slow speeds untjl fully dispersed. The speed was maintained at no_nore
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During the grind stage, to the pot were added, in order, in the ranges of weight %
listed in Table 12: water, propylene glycol, xylene, polypropyiene glycol, polysiloxanes,

5  polycarboxylate-sodium salt, alkanes, 2-butoxyethanol and ethoxylated alkylphenol. The
contents were then mixed at slow speeds until fully dispersed. The speed was maintained at
no more than 100-200 rpm. Titanium dioxide, aluminum hydroxide, amorphous silica and
water were added to the mixture in the pot, while increasing the speed to achieve a good
vortex. Final RPM settings were between 2,000-3,000 rpm. The speed was adjusted until

90  maximum shear was obtained with minimal integration of air and mixed for 10-15 minutes, or
a Hegman of 5-6. After ascertaining that there were no chunks, the speed was increased to
achieve sufficient vortex. A sufficient RPM was maintained while keeping the temperature in
the pot below 95-110 °F. Hegman at this point was at least a 7. Once Hegman was achieved,
mixing speed was reduced until the pot was just mixing the raw materials and continued for

15 10-15 minutes.
During the letdown stage, acrylic copolymer emulsion was added to the grind mixture.
The speed was maintained to mix the material. After less than 5-10 minutes, 2,2,4-trimethyl-
1,3-pentanediol monoisobutyrate was added to the pot. The speed was maintained to mix the
material. After less than 5-10 minutes, polyurethane resin was added to the pot. The speed

20  was maintained to mix the material. After less than 5-10 minutes, polyurethane resin and
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0.56-1.00 2-butoxyet hanol 0.04-0.10 ethoxyl ated al kyl phenol 0.01-0.05
titani um di oxi de 19-24 al um num hydroxide 1-2.5 anorphous silica 1-2.5
pol yur et hane/ acrylic m xture 18-20 1-ethyl pyrrolidin-2-one 0.48-2.5
2- (2- but oxyet hoxy) ethanol 0.48-2.5 benzoate esters 0.95-1.00 po!yurethanﬁ
e . Qerg e PARbHeE ARG EE HaBedto e Bor Tn8 BRbd R ds Hhinidl o i a2

. material. After 15-20 minutes the product was packaged. The composition of the formulation

1s described in Table 12.

5  Table 12. Acrylic based formulation

Range % by wt on
Component total formula
water 50-57
propylene glycol 0.60-0.63
xylene 0.018-0.022
polypropylene glycol 0.91-1.90
polysiloxanes 0.33-0.37
polycarboxylate, sodium salt 0.42-0.47
alkanes 0.73-1.25
2-butoxyethanol 0.06-0.13
ethoxylated alkylphenol 0.012-0.06
titanium dioxide 24-31
aluminum hydroxide 1-3
amorphous silica 1-3
acrylic copolymer emulsion 17.0-19.5
2,2,4-tnmethyl-1,3-pentanediol monoisobutyrate 1.20-1.30
polyurethane resin 0.29-0.33
polyurethane resin 0.17-0.20
enzymatically modified starch 0.03-0.07
EXAMPLE 13:

During the grind stage, to the pot were added, in order, in the ranges of weight %

listed in Table 13: water, xylene, polypropylene glycol, polysiloxanes, and functionalized

10 polyacrylate copolymers. The contents were then mixed at slow speeds until fully dispersed.
The speed was maintained at no more than 100-200 rpm. Titanium dioxide, atuminum
hydroxide, amorphous silica and water were added to the mixture in the pot, while increasing
the speed to achieve a good vortex. Final RPM settings were between 2,000-3,000 pm. The
speed was adjusted until maximum shear was obtained with minimal integration of air and

15 mixed for 10-15 minutes, or a Hegman of 5-6. After ascertaining that there were no chunks,

the speed was increased to achieve sufficient vortex. A sufficient RPM was maintained while
keeping the temperature in the pot below 95-110 °F. Hegman at this point was at least a 7.
Once Hegman was achieved, mixing speed was reduced until the pot was just mixing the raw

materials and continued for 10-15 minutes.
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EXAMPLE 12: During the grind stage, to the pot were added, in order, in
the ranges of weight %listed in Table 12: water, propylene glycol, xylene,
pol ypropyl ene gl ycol, polysiloxanes, 5 polycarboxyl ate-sodium salt,

al kanes, 2-but oxyet hanol and et hoxyl ated al kyl phenol. The contents were
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pot 10 Thibeqi9e el BrR™ R AR OB bR dialn (T Lh-20 AP PR O - 10

M Ut €5pa QLT FIARG s ARAD A OrEIRNERUL BaldibeqBdidileth st arch wer e added
%ot e spee

to the was naintained to mx the nmaterial. After 15-20
m nutes the product was packaged. The conposition of the formulation is
descr i bgdblen 3T @pory-herylfr beabd forhaulafionyl i ¢ based formul ati on Conponent

Range A by wt on total fornula water 50-57 PrRA}EENEbY Mol 0, 60-0. 63
xyl ene {0. 018- @091%%“919,! ypr opyI ene glycol 0.91 &t@Gop@lysi | oxanes 0.33-0. 37
pol ycar LW‘\-/I ate, sodrunrsatt 0,42-0.47 5158

Xylene 0.001-0.0015

polypropylene glycol 0.14-0.30

polysiloxanes 0.024-0.030

functionalized polyacrylate copolymer 0.24-0.27

titanium dioxide 19-24

aluminum hydroxide 1-2.5

amorphous silica 1-2.5

2-amino-2-methyl-1-propanol 0.14-0.18

2-(methylamino)-2-methyl-1-propanol 0.008-0.010

epoxy based styrene-acrylic copolymer 21-24

dipropylene glycol monomethyl ether 19-272

2,2, 4-trimethyl-1,3-pentanediol monoisobutyrate 19.5-22.5

Polyurethane resin 0.10-0.11

Polyurethane resin .1 0.39-0.44

2-butoxyethanol 0.18-0.24

15 EXAMPLE 14: Quantitative determination of the evasable characteristics of the writable-

erasable surface.

The color stimulus, which is the radiation from the colored object that produces the
perception of that color, can be measured. Color perception is affected not only by the
spectral make up of the object, but also the light source under which it is viewed. If the

20  spectral distribution of the light source and the relative spectral reflectance of the object are
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al kanes 0.73-1.25 2-but oxyet hanol 0.06-0.13 ethoxyl ated al kyl phenol
0.012-0.06 titaniumdi oxide 24-31 al um num hydr oxi de 1-3 anorphous silica

1-3 acrylic copolyner ermulsion 17.0-19.5 2,2,4-trimethyl-1, 3- pent anedi ol

nonoi sobutyrate 1.20-1.30 pol yurethane resin 0.29-0.33 polyurethane resin

0. 17- 0.120QvaN aydBhE SaHck¥ 66%;%5&%@ é&&ﬁﬁé‘th%cfg'@ 0959 3b &88%'}{?&1% Vg g“hf?

grind stage, to the pot were

I n or e ranges

l'i st ed the okt élumﬁnaw@bg that xytremean hma}qnxlatpgtl HmeC@thmssion Ipmhyasiolna})eaj&es ,

functi

10

15

20

25

%%ciazn"ea%e (CIE} has set up procedures for calculation of the color differences in a CIELAB
color space. The X-Rite Sp-62 Spectrophotometer can be used to take the color readings and
it calculates these values automatically. The values can then be recorded. The changes can
then be calculated according to ASTM Test Method D2244, as differences in the L*, a*, and
b* values, where the direction of the color difference is described by the magnitude and the
algebraic signs of the components, —L*, —a*, —b*, The values are then calculated as follows:

—L*=1* — L% (1)

—a* = g% — a%, (2)

—b* =b*, —b* (3)
where L*g, a*g, b¥; refers to the reference, and L*,, a*,, b*,, refers to the test specimen.

Table 14 shows the magnitude and direction of each color vaiue and what color change

OCCurs.
Table 14. Meanings of Color Values
Direction Color Change Value Result
+ L* Lighter
- L* Darker
+ A* Redder (less green)
A¥* Green (less red)
+ B* Yellow (less blue)
- B* Bluer (less yellow)

By choosing one sample to be the reference point, the change in color from this reference
point is called the color difference (AE), which is calculated from the equation:

E=[(-L*)" + (-a%) + (-b*)’1'? @)

EXAMPLE 15: Determination of erasable characteristics of a writable-erasable surface.

The nature of visual change (erasable characteristics) on the writable-erasable surface
can be evaluated by the visual change perceived after the surface has been marked followed
by erasing the marking. It can be characierized by the leave behind which can be determined
after 1 or 2 passes by the eraser to erase the marking: the markings may seem to stick to the
surface and they might erase as in streaks or might be spotty. The quality of the surface can
also be measured by the dirtiness which can be determined afier one pass with the eraser over

the marked area, a faint to dark cloud might be left from the eraser, like smearing of the
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10pol yacryl ate copol yners. The contents were then m xed at sl ow speeds
until fully dispersed. The speed was nai ntai ned at no nore than 100-200
rpm Titani um di oxi de, al um num hydroxi de, anorphous silica and water were
added to the mxture in the pot, while increasing the speed to achieve a
good vortex. Final RPMsettings were hetween 2,000-3,000 rpm. The speed was
adj ust awrkingidec fahierrpcs hBath eé’shlélidnéamgmﬁ%f‘%ﬂ%? nFae]e PRSI 41 iFe fO%ai r
and 1571 xed y ' : SRR QhtePabean’d @inod&ERbAKAI NG t hat
t here \%Errogtortl%&fé%%gl?é,ﬁh %é%@e%ﬂ\%%?i ncr ease etg %chi eve sufficient vortex.
A suf f isgifadd RRNowesntmbatiadieds whette sefaps pgforhentenperature in the pot
bel ow 95-110 F. Hegnan at this point was at |least a 7. Once Hegnman was

achi eved, m xi ng speed was reduced until the pot was just mxing the raw

mat er | §g§§m§g@t[@ﬂg?ﬁ&% 49chanpk nut es. During the | etdown
st age, “2- =2-nethyl-1- p};opanof and 2- (net hyl am no)-2- nethyl -1
- propanol weFte agiiestidrois tphefornédnid andlsety desticFhengmaatErivaBriordp indd HEg1t 0 ni x
the material, After less than 5-10 m nut.es, epoxy base iC
Copol y 167 TRRiSTh IR < M GEe PGP LT aCETnRY & TS st
mat er | %i‘ﬂirﬁ{élél%cf 248RRird mr%péi%ﬁiiﬁﬁbﬁ Sf afplsiaflbR Bias Reasobriald womaimetay |

e pot .

ether was a to the The speed was maintained to m x the materi al .
After lgloss inhacinBy Oapplmaties, Toe surface off et fwpstrats 2 heptiaied @nds primed, using

nonoi sobut yr.at added to.th ot. The_ s S i i : %, the
mat@r i aﬂ‘?onﬁff“ﬂt@g P‘ﬁ@i ST YHY a%r?’]ﬁ)mﬁ‘irﬁoﬁﬁaég}f plﬁg’ie?fﬁﬁlgltl ﬁ%ncé) @Iedgltﬂgé é}v\g%mg%&g%&% o the
pot. ThgsRSEshMPSHrHRINN B ndGs Allowéd® dRicemipiicty Abtardinges manhiuetuderlO

m nut es, pol yurethane resin and 2-butoxyet hanol were added to 10 the pot.

: . : : p
The speecommendationt & hesurfaee isipaintersinapperyiaptelng feqt Wige SEFRRHRY FOTERE
product,. was pac d. ..The oS L 1. Ly i ohi in
Fabt e it paBat 18R pitel” P ROHoh i RuBolclclber e By Ml A BB B0 w
on t ot aldekod maliaiMéd &f abld BB ntarkene sBglbabisCRpbedodiyg fepytodleecapeys olhe

0. 14-0. 30 pol ysi | oxanes 0. 024-0.030 functiaqnalzed pol yacryl afe coppl yner
0. 2t 0. pinmenins oereRdoxity acctonexs dﬁpeﬁ#%ﬁ#w’ir 05¢ geAtnghs 3“3/""5&  curbfor)

week, at room temperature, to form the writable-erasable surface.

The writable-erasable surface can be maintained by daily erasure and cleaning with a
standard dry-erase eraser or a dry cloth. For periodic and more thorough cleaning, a damp

cloth may be used.

20 Ifit is desired to clear the writable-erasable surface or recoat any damaged surface, the
original surface is deglossed by sanding the surface and priming before application of the dry

erase coating.

OTHER IMPLEMENTATIONS

25 A number of jmplementations have been described. Nevertheless, it will be understood

that various modifications can be made without departing from the spirit and scope of the
disclosure. Accordingly, other implementations are within the scope of the following claims.
For example, while rollers have been described for applying the materials, brushes,
pre-loaded applicators, or sprayers can be used. When sprayers are used, the precursor
30 materials can be first mixed and then sprayed onto a substrate, or the precursor materials can
each be sprayed from separate nozzle outlet, the mixing of the precursors occurring in flight

toward the substrate and/or on the substrate.
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anor phous silica 1-2.5 2-am no-2-nethyl -1-propanol 0.14-0.18

2- (met hyl am no) - 2- met hyl - | - propanol 0. 008-0. 010 epoxy based styrene-acrylic
copol ymer 21-24 di propyl ene glycol rnonomethyl ether 19-22
2,2,4-trinmethyl-1, 3- pentaned ol nonoi sobutyrate 19.5-22.5 Pol yur et hane

resin 0.10- Pol. yur et ha resi 139- 410 R TNAR 15
EXAMPLE 14: O@Qﬁf’”&ﬂ%ﬁ?%é‘g a(“]1er?j‘tace0ra1 ﬁ%%nvgﬁlgohﬁﬁgg ee?’h%‘%%r asabl e Eﬁg%a‘?g é’% %g iugdg of
t he writh, 3Me foHRS BB Eafipld, asRrrinBheve ol BIG. St hmudithe nwitérehs desctibel Ireaddhat i on
fromthe col ored object that produces the Eer ception of .that col can be
measur @dn beabpliederaenptinensi shegfof aateip nFich 87 PPy L0 MRRAVidE A PTHRF! ﬁgﬂk"%t up of

t he obj.ect, but ;a i - ' Jtiatd § VA ' h
20pect Parish ST BE gaTeR Paing PR REndR Shot Ry Cdard B R el
r ef bectiapgRrdbt $henth) @avedeatly doredin atrbik fortrth & dgseed. mabduo AP osn bé oH,

reaching the eye of an observer wth nor vi si_on from bj ect

i 11 uni rfag-edlopy atﬁ@&ﬁ"%%?d?@éo@%nglq?ép%ﬂ}@teﬁeet‘?ﬁg Oéélhﬂ?%?%agrlgﬁf% TEPTali onal e
de L' Echal nage . %E}%%aﬁ%ne‘dﬂnﬁr%éﬁ'&%@ ih b1 Fbon hdth b @aktéerstd2e 1€0I Or
differences’in a Cl col or space. The X-Rite Sp-62 Spectrophotoneter can

be usedidsired akeadshmbedlsheets eadhavgpesforhtions 86 calovingsheststth bs somaTagp e

automatically, The val ues can, t hen recorded. The changes can then be
cal cul atﬁblﬁté%‘é?eéiaﬁél?‘g’% 2 éeira‘?@gfel"ﬂf 8115§244, as differences in the L*,

* * : : : : .

e PLABE R s st o ol of gy e b

The val atesgtiaresinskiescribat betest exh Esustd td mwke the coatings having the writable-erasable
surface.

Other water-based materials may be used alone, or in combination with other water-
based materials described herein, such as polyurethane materials. For example, epoxy resins

45  in a water-based carrier may be utilized. These epoxy resins may be used in conjunction with
various crosslinkers and/or additives described herein. For example, the crosslinkers can be a
moiety that includes a plurality of amino groups, thiol groups, hydroxy! groups or mixtures of
such groups. Water-based epoxy resins are commercially available under the name Enducryl®
from Epoxy Systems, Inc.

20 The first and second components can be applied to the substrate, e.g., by concurrently
spraying the components so that they mix in flight and/or on the substrate, and then optionally
applying a crosslinking promoter, such as an acid, to the mixed first and second components,
e.g., in the form of a solution. In still other implementations, a crosslinking promoter is first
applied to the substrate, and then the first and second components are applied to the substrate

25  having the crosslinking promoter.

The first and second components can be mixed, e.g., by alternately adding the desired,
pre-determined quantities of the components from a large drum to a paint bucket, mixing, and
then applying the coating on a substrate. The advantage of this method is that the pot life of
the components are preserved without wasting the components.

30 Still other implementations are within the scope of the following claims.
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_a* = a*, - a*0(2) -b* = b*1 - b*o(3) where L*0, a*o, b*0 refers to the
reference, and L*1, a*i, b*i, refers to the test specinen. Table 14 shows
t he magni tude and direction of each col or val ue and what col or change
Cccurs. 15Table 14. Meanin s of Col or Values Direction Col or Change Val ue

Resul t * L rarker + A* Redder (less green) - A* Green (Iless
red) + @%@hﬁ%ﬁ%@? Bﬁe) B* Bluer (less yellow)

1. A writable-erasable product comprising:
a cured coating extending upon a substrate and having a writable-erasable
surface, the coating being curable under ambient conditions and being formed from one or
5  more materials, each of said one or more materials comprising one or more functional
groups independently selected from G1 and G2, with at least one material of said one or
more materials being in a water-based carrier, wherein:
each G1 functional group is independently selected from among isocyanate,
epoxide, urethane, ethyleneoxy, and ethylene, wherein said ethylene is optionally
10  substituted with hydroxyl, acetoxy, or alkoxycarbonyl; and
each G2 functional group is independently selected from among hydroxyl,
amine, phenol, carboxylic acid, acid anhydride, aziridine, and thiol; and
wherein, after the writable-erasable surface is marked with a marking material
comprising a colorant and a solvent, the solvent comprising one or more of water, alcohols,
15 alkoxy alcohols, ketones, ketonic alcohols, esters, acetates, mineral spirits, or mixtures
thereof, the marking material can be erased from the writable-erasable surface to be

substantially invisible.

2. The writable-erasable product of claim 1, wherein the coating is formed from one or
20  more materials, each of said one or more materials comprising one or more G1 functional
group, with at least one material of said one or more materials being in a water-based

carrier.

3. The writable-erasable product of claim 1, wherein the coating is formed from two or
25  more materials, wherein a first material comprises one or more G1 functional group and a
second material comprises one or more G2 functional group, with at least one material of

said two or more materials being in a water-based carrier.

4, The writable-erasable product of claim 1, wherein the cured coating is crosshinked.
30
5. The writable-erasable product of claim 1, wherein the coating is cured under

ambient conditions.
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By choosing one sanple to be the reference point, the change.in color from
this reference point is called the color difference (AR), which is
calculated fromthe equation: AE _ R L*)2a*)2b*)2]:/2 (4) 20 EXAMPLE 15:

Det erm nati on of erasable characteristics of a witable-erasable surface.
The natdire ofhaiyfitkdle-GRAICHREA D2 Blafin N AHRELIR TheSdur&PoaBRg hBea porosity
writabl e-erasabl e surface can be eval uated by the visual change perceived
af t er tdfdesubdnogimuhd® pbeent. mar ked fol | owed by erasing the marking. It can
be characterized by the | eave behind which can be determ ned 25 after 1 or
2 passes by the eraser to erase the marking: the markings may seemto stick
to the surf ape: aRthbldemsdBlgRodeEdTlaas 1, WitkEi8WScREd Mk hRea fRAklys The
quality of the surface can al so be neasured by the dirtinéss which can be
det ér m ofdtbmapbeyt IMH ipels i shiomn0dReinshaser over the narked area, a faint to
dark cloud mght be left fromthe eraser, like snearing of the marking due
to the eraser. Both "l eave behind" and "dirtiness" can be neasured on a

scal e of. zerhd RritBle-Basaie pddhoiedRGhER Wikrdhitkdoireciminkhaga Tabgr i al  can
be renoved fromthe surface. The | ower nunber indicates a better surface

per f or nepAston wipxpfopE abgut Kidpiabeti 183 me/thepsacbaydlesy. The
application is perforned in a clean, dustless environnent. Prior to
installation, the anbient tenperature within the application site is

mai 1t ai ed aTher@titdbbserabdtdaprbdutt dfetaia IMwhenimied cizdd beuting hand Sprapper
ventilation of application areas is ascertained to mnimze odors in

vi ci ni tBargesapheicatst thss 2beWel Gsur f ace of the substrate to be painted on is
primed, using 10a non-tinted PVA or vinyl acrylic interior |latex prinmer,
until the color of the existing surface does not show through. The priner
is alloled tDhdwyitabdsvplaedbét prodoctarfdiang 1, ovinaaufthe ture@cogingdaoamendat i on.
The surface is inted in approximately 2 foot w de sections by working
from on%o%g?&ofl&?g’f‘?@ﬁ8?h%tWeeIE3Wt§é’€f‘ieB and abPH AR PEFSHef or e pai nting t he
nexis; section. A wet edge is nmaintained to avoid lap marks. A single coat is
applied using foamroller covers. The 15 equipnment is cleaned with acetone
or denatlur edllzd woltablic-erBhable padiicigpfickaiml 1,ovisuteinche crred £oating haselsag at room

tenmperature, to.foul' the i tabl e-erasabl e surface. The

Wi tablr§§1é‘i35%ea‘?ﬁ}ée%§ﬁ‘?rf%¥’é)éﬁ %ﬁﬁﬂégléo‘f‘r&?nt ai ned by daily erasure and cl eaning
with a standard dry-erase eraser or a dry cloth. For periodic and nore

t horough cl eaning, a danp cloth mafy be used. 20If it is desired to clear

t he wriltZ4bl elks weigihlecrarlapwdyet afedeinn 1. ancraiarthe eehtivngmiae & anphisateer gi nal
surface i 0sse andi the surface and primng before application
of %Uheehaarséesg‘r%%sneacoélg??%éa‘mg&l MPLEMENTATI ONS  25A number of

i npl enment ati ons have been descri bed. Nevertheless, it will be understood
that varjous nodifications can be nmade wi t hout, departing fromthe spirit

and scope of Teherighlermsihle produsigidiam 12, virmain heenaling RESE og@ligreom t hi n
t he sc f e N LIS, For exanple, while rollers have
been dglgagrllgsgéﬂd%f%t%%agg\ﬁ%%ﬁ?%' mat eri al s, brushes, pre-|oaded applicators,
or sprayers can be used. Wen sprayers are used, the precursor 30 materials
can be fjrst_m xed and then sprayed qnto substrate, or the precursor
mat@r i al%s caﬁh%wbi%e@ﬁﬁtﬁ%@dw%%wﬁ B B ISHERAS the. i xi ng of
the precursors occurring in flight toward the substrate and/or on the
substrate Wile whiteboards and coated walls have been described, the
coat i ngss. canThewaipgll¢-exhsstde prddect diatars. 1,Reheremdnblsssporsieerri ng now to FI G
3, any of the materials described herein can be applied to a continuous
sheet of material, such as paper, to provide a product 50 that includes a
substrate S2rRaritatfietdsiile pfbdadt SMMHiR0] UPRiein@1 SUBstEAd € 52. As shown in
FIG 3, 5the product 50 can be conveniently stored in a roll form If

desi0r ed, product 50 can be cut,

17. The writable-erasable product of claim 1, wherein G1 is ethylene optionally

substituted with hydroxyl, acetoxy, or alkoxycarbonyl.
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e.g., along a transverse line 60, to provide individual sheets 70 of
material. Referring nowto FIG 4, sheets 70 can be fashioned into a
product 80 in tablet formusing fasteners 82. If desired, the assenbl ed
sheets can have perforations 86, allow ng sheets to be torn fromthe tablet

and used as nohi wri tabl e-erasabpl e prqduct ...i.0B,e | et hane
mat eri difs arﬁlea‘ﬂ?t%ﬁéerﬁ?%b?"sﬂﬁéuﬁfo, CRTAs [WRSFEIR G e#hgg%%ss %Satig]?[ﬁ{ ;&éﬁr esi ns
descriQ&&m?g&%'ﬁﬂpan be used to nmake the coatings having the

writable-erasable surface. O her water-based nmaterials may be used
alone, or in conbination with other water-based materials descri bed herein,

h I th terials. F I resi | -
vt or - idboa i PGSRy g Brprae S B SSE e eBR NS o motniegels

Conj5uncéohﬁiﬁsi’ﬁot&evé}rrh&‘és(}PfLﬁ%ﬁbﬁd}J|gﬁﬁfp§x@i&£ﬂi@(31&déﬁh§riéﬂé&(}descri bed her ei n.
For “exanpl'e, the crosslinkers can be a noiety that includes a plurality of
am no groups, thiol groups, hydroxyl groups or mxtures of such groups.

Wat er - bgsed oXy. resins .are co i.ally | ] me
Enducryg% frfﬁ%ﬁ%%&@hgﬁﬁﬁgﬁgﬁ)Pﬁgﬁ%%%$hg‘ﬁ%%%?cgﬁg%gg@%%gﬁﬁgﬁ%%ﬁents can be
appl i edgheritihe wHbatdatse, €.9., by concurrently spraying the conponents so
that they mx in flight and/or on the substrate, and then optionally

appl ying a crosslinking pronoter, such as an acid, to the mxed first and
second gconpohent s, -e. 4. .40 : td:pn. ikh,| ot her
inpﬂ%nez%ati@ﬁ%?“%ﬂﬁ?%§§1?%&%%@“%@%%%?%}??28'?#%fﬂﬁﬁ%ﬁféﬁk'O t he substrate,
and then the first and second conponents are applied to the substrate
25havi ng t he crosslinlcinq@pronoteg._ The Eirst and secon cogponents
can be #-xedThe wgitablggrasphle predust §f deih hgVRHEINFEE PPRET PSFERASTEF A Aed
quantiti&_ ﬁ#hdh@e conponents froma large drumto a paint bucket, m xing,
and t heR ppl'yi'ng the coating on a substrate The advantage of this method
is that the pot |life of the conponents are preserved w thout wasting the

conponents. 30Still_ other inplenmentatio re within.the f the

fol Fowi 2% cl Ei’ﬁé‘{“mws?@e@%f%h% fam 27, AigBeg fonpypings 3@3{%@% oduct
conpri si ng: a cured coating extending upon a substrate and
having a witabl e-erasabl e surface, the coating being curable under anbient
condi ti phs afftie beitalcfcoasabld prodiet ofidlaion L5 wipicin f0RE CRIOTE BREHLALTS 1§ one
or nore_materials conprising one or nore functional groups independently
selectegn?¥ﬂ%1gﬁpﬁﬁﬁn02, with at |least one material of said one or nore
materials being in a water-based carrier, wherein: each Gl
functional group is independently sel ected_ from.anong,isocyanate, epoxide,
ureemanéﬁ.etH@b@ﬁé@h@ﬁﬂaﬁbkéﬁﬁvﬁéﬁ@?mﬁhéﬁ@ﬁﬁ“@ép&I%Bﬁypéﬁ% is optionally
10substituted wth hydroxyl, acetoxy, or al koxycarbonyl; and

each 02 functional group is independently selected from anong hydroxyl,

am ne, phenolTheGantapkydrhebRGirddudot dlagmHy shiedsn Gazs mingline, and t hi ol ; and
wherein, after the witable-erasable surface is marked with a marking

mat erial conprising a colorant and a sol vent, the solvent conprising one or
more of 22’.at er’f’he%ﬁt%ﬂ%'—&a?a%ﬁgﬂr%m o2k GARG! SvhekGh OGS cpdalORAEGaliERIRbSYL.
esters, "acetates, mneral spirits, or mxtures thereof, the marking

mat egi al can be erased fromthe witabl e-erasable surface to be

A b S Pl ot shch, SRSaR A LpEkEL ol o2 Eldint

29, The writable-erasable product of claim 1, wherein G1 is isocyanate and G2 is
hydroxyl.

3C

30.  The writable-erasable product of claim 1, wherein G1 is urethane and G2 is

aziridine.
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20 nore materials, each of said one or nore materials conprising one or
nore 01 functional group, with at |east one material of said one or nore
materials being in a water-based carrier. 3. The witabl e-erasabl e product
of claiml, wherein the coating is formed fromtwo or 25 nore material s,
wher el 48 30 ABERLI-ALpEANBAL 85T RS 100HIREE nQ L LRG0k plouP and a
second “mat erial  conpri ses S OF ore 02 funct I onal group, wth at |east
one matcdfupailsingfons @ir thdryvs Iofunoidrel ERiuls sdlsctbbirog the ghoupadoasistigsed carri er.
4. The witabl e-erasable product of claiml, wherein the cured coating is
cr oss| ibgkagethglyne diisopyanate (FER). dtemedapene GromricoPCePaione wherein t he

coati ng.i dydengd %g}gi I 41 _The:w) e abl e
productgi lfg C}%ﬁéﬁ%‘rﬁi 1, \%ﬂ1 rel n(ﬁ{gh%ﬁgg% é% coz\{l})%ngtghealé’@Sdﬁgé%%aglg{eymgeﬁléess t han
about 4Misperaaetet(TDI) diphleeylmdthalel disesyasate|(®IP) aduatid phehdema 1, wherein the
cured cgating has a. thickness 50of from aboyt 0.001 inch.to.about 0.125
inch.  dmsosyraatss.; itohyl encediosKImate cyclHexaps desogyaiete (GHBELBH t he cur ed

coati ng; E?‘Qgg, ' : i Ryale AT
rrg/thog}ssgn cg/oc es.D %@%%%@%Pé&@gﬁ%ﬁ%ﬁ%&ggﬂ%ﬁ of %llt%}lm 1,)’wher ein
t he curdnecaad diigpdyasata (ISR@Y, drieathghkesemethyigreatispctanate, hisetdind@yande The
writabl e-erasapl.e product. of claiml, wherein_the cured,.coating has an

6! ongatiiitsdR B Gl Rl s RET S Pa e o SR AP RO RerBar | 15
11.10 Theg;big8RlEp &1 Bl eRiREMAhaRl, 16drRbBnk diMbEfa8htR (Iﬁm),q%fd%geﬁ&aal ng has
a sag resistance of between about 4 ‘and about 24." 12. The

wr i t ablmeetbymsabdipbepylosheyenaé (EMID tetrampidyeixylenehdiisogpanatsy( TVKSL), ©o

appl i cati on 20 s less than about 350 g/l .of VOCs. 13. The
ot ab s O Gt drah w3t Brsothe coating prior to
application has | ess than about 50 g/L of VOCs. 2514. The witabl e-erasable

product of claim1, wherein C is isocyanate. 15. The witabl e-erasable
product3%f cTh witablewrapailaprdursofgheni Hevhergn thihenaprpetsireateids abl e

product of claiml.  wherej ] et hane; o j .t = sabl e
or ducreogrerrd Repr e Ructiond SR BEssdProbdin] Mokl A Gt
hydr oxydr,oligefiefxand Mmadaxyeandony br mixtures thereof.

33.  The writable-erasable product of claim 32, wherein the hydrophilic aliphatic
diisocyanate is homopolymer hexamethylene-1,6-diisocyanate.

20
34. The writable-erasable product of claim 1, wherein the one or more materials

comprising one or more G1 functional group comprises isophorone diisocyanate (IPDI}.

35.  The writable-erasable product of claim 1, wherein the one or more materials

25  comprising one or more G1 functional group comprises a polymeric material.

36.  The writable-erasable product of claim 1, wherein the one or more materials

comprising one or more (G2 functional group comprise an o,®-diol.

3 37 The writable-erasable product of claim 1, wherein the one or more materials

comprising one or more G2 functional group comprise a polymeric material.
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18. The witabl e-erasable product of claim1, wherein GL is ethyl ene
substituted with al koxycarbonyl . 19. The witabl e-erasabl e product of
claim18, further conprising one or nore materials 5 conprising one or nore
01 functional group, wherein 01 is ethyleneoxy. 20. The witabl e-erasable
product of claim1, wherein 01 is ethylene optionally substituted with

acet oxyg&. 10 k. vifiebltrdrisablegpredas alb tlaim 38 dwhérenf the palymetic mdteridiina®l i s
ethylenqﬁé%. %éiThf writabl e-erasabl e product of claim11l, wherein the one
or nor R Eo% s a pol yurethane. 15 23. The writabl e-erasabl e product of
claim 22, further conprising a polyacrylate. 24. The witabl e-erasabl e
product of claim1, wherein the one or nore materials is in the formof a
di sper sion. & 2talileccragableghbdua vdshabhd, phoatuictheofriteblaiamastblewnsneain 02 i s
hydr oxyl . 26.. The witahl e-erasable product of clai.ml, wherein &
2 fised o babsRinlp et 3 PR AU EragRE el e FiRe PRAP R e <

epoxi denanshdd216Gchysdr oxyl . 28. The writabl e-erasabl e product of claim1l
wherein 01 is epoxXxide and 02 is am ne. 29. The witabl e-erasabl e
product of claim1, wherein 01 is isocyanate and 02 is hydroxyl. 30. The

writabl e-erasabl e oduct . of ¢l ai erein Q1 is uretha a 02 is
it aie SRl SR et ol efin 1] it P Sl RGP EE he one
Or NI @rifRl & b&khbsGAMNIY fivigbleAGePWwriiIRE BndbrabinB Gt tHeRahe Positipn ifsr meteect ed
fromthe group consisting of hexanethyfene di i socyanate (HDI),

t etip amdban/tone S 809 spdgmnat e, octamet hyl ene dii socyanate, decanet hyl ene

di i socyanate, 2-nethyl pentane-1,5-diisocyanate, toluene 5 diisocyanate
(TDI'), diphenyl methane diisocyanate (MDI), m and p-phenyl ene

di i socyfnat €Bhe biifableydran®didpriodaaydrRig, 1, thetcdheanttabici SaapRat@acd kWDl )

bi s(i socyanat onet hyl ) cycl ohexane (H6XDI), dicycl ohexyl nethane diisocyanate
( HL2 VD3, avgFage sursgedoughinest (Fah af tos§ e pboyt 7,38 M hexanet hyl ene

di i socyanate, |ysine diisocyanate and its nmethyl ester, nethyl cycl ohexane
di i socyanate, 1, 5-napthal ene diisocyanate, xylene odiisocyanate,

poligphefty| erfBhedwtimblyaasibésproldsapifeiannd , dikiesad fienatiebield?Blaple duyldeobmnat ed

met hyl ene di phenyl i socyanat HVDI ), tetranethyl xylene diisocyanate

( TMXDI )2 T@FIHn F g0 © & ﬁ?ﬂ@%QWé%V&%HﬁH'nixtures t hereof. 32.
The writabl e-erasabl e product of claim1, wherein the one or nore materials
15conpri sing one or nore GL functional group conprises hydrophilic

al i phat43c di Tlsoesthkterasablopiogoctmislamd , mdwewmgio thererigbicharrwble suofacerhast ur es

t her eof . 3. The i tabl.e-eras roduct of claim 32, wherein the
hyer optf S gIRal BT AEp ey ANat b S Romopol yrror
hexgnet hyl ene-1, 6-di i socyanate. 20

44,  The writable-erasable product of claim 1, wherein the writable-erasable surface has

a contact angle of less than about 150 degrees.

45. The writable-erasable product of claim 1, wherein the substrate is selected from a
25  group consisting of cellulosic material, glass, wall, fiber board, particle board, gypsum

board, wood, densified ceramics, stone, and metal.

46. The writable-erasable product of claim 1, wherein the substrate is a flexible film or a
rigid immovable structure.

30
47. The writable-erasable product of claim 1, wherein the marking material is erased
from the writable-erasable surface to be substantially invisible by wiping the marks with an

eraser comprising a fibrous material.
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34. The witabl e-erasabl e product of claim1l1l, wherein the one or nore

mat erials conprising one or nore GL functional group conprises isophorone
di i socyanate (I1PDI). 35. The witabl e-erasabl e product of claima1,
wherein the one or nore materials 25 conprising one or nore GL functional
group conprises a polyneric material. 36. The writabl e-erasabl e product of
claim1, wherein the one or nore materials conprising one or nore &
functional group conprise an a,co-diol. 3037. The witabl e-erasabl e product

of clais.l, whekwRitibié-BRsHNE pRIdubDIf:IATRL £7, ivileseif BEThd®t AGHHRR CoMprifRIe &2

functional group conprise a polynmeric material . 38. The witabl e-erasabl e
pr oduct Ofonoxe ofi witg aloahels dkext Heohsd! keiend, keivatcelqolbl, iesten goetatey PT BINSER e d
di ol . 39 The writabl e-erasabl e product of claiml, wherein the

writablére erasabl e surface is 5erased to be substantially invisible after
witd ng and erasing at the sanme position for nore than about 100 cycl es.
40. The writabl e-erasable product of claim wherein the witabl e-erasabl e

surfacetd-s efaesditatiegesallp prodyel %’fql"‘}‘m ﬁgﬁl"‘éh@é@é ther alegholis s stpdasemdbasi ng
at the 0819 tﬁﬂgg f"?lrﬁ‘o Aol %ﬂﬂ' V\ﬁaﬁ)’l quutﬁﬁ[cﬁl ﬁébut 4)11 beh2 l%fohol

wrltabl asa Gct of ereint Wit aDl e-er a e surface
has an aubmager@emefracfe roughness (Ra) of less than about 7,500 nm 1542. The
writabl e-erasabl e product of claiml, wherein the witabl e-erasable surface
has a maxi mum surface roughness (lc) of less than about 10,000 nm 43.The

wr i §abl &g er a?ﬁ@&g}tg&géﬁame ré‘du 6‘9&a1n¥‘@§rx€ﬁé?e1h'ﬂ?e éﬂ’kbﬁf@k&cﬁ §‘§cﬁéeﬂtc§i surface

has a contact an greater t an about’ 35 degr ees.

wr i t abl &errths ghdup qneidung oo} -(ebmipoxy) ethmml,el -n- bttexygrathzabll ea—énr -psgbke surface
has a cont act l e of |ess. than about 150 degrees. 45. The

wri t abl E93%s Ig“’ﬁf“&ﬁlt}'telr gf claim1, wherein the substrate is selected
froma 25group consisting of cellulosic material, glass, wall, fiber board,
particle board, gypsum board, wood, densified ceramcs, stone, and netal.

46. TheSmi tEbealds—@mseblpmmdmct ofoftaint 48 rwhereinties kedtond Ilﬁ@ebgﬂ@dtfrm thei s a

flexible fil b bl bl
or adtbot SBPPEPRT I RERBPTHe e kg nticant Broud beohd bl =™ ©

writabl geedsisabl e surface to be substantially invisible by wi ping the nmarks
with an eraser conprising a fibrous material. 48. The writabl e-erasabl e
product -of claim47, wherein the eraser further conprises one or nore of

vat er, % C.Oh.Gfihe vﬂ{tgﬁé}érﬁlaﬁig rﬂ)%duc{(&; ST 4!?,%9&5% iRl AL 1s fBcRl @ GAET © OF

m neral “Spiri
group consisting of methyl acetate, ethyl acetate, n-butyl acetate, t-butyl acetate, and

20  mixtures thereof

53.  The writable-erasable product of claim 1, wherein the writable-erasable product 1s in
the form of a whiteboard in which the cured coating extends upon a substrate in the form of
a fiberboard.

25
54. The writable-crasable product of claim 1, wherein the writable-erasable product

forms part of a wall of a structure.
55. The writable-erasable product of claim 1, wherein the writable-erasable product 1s in

30  the form of a plurality of sheets, each sheet including a substrate in the form of paper and

having the cured coating extending thereupon.
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5 49. The witabl e-erasabl e product of claim48, wherein the alcohol is

sel ected fromthe group consisting of ethanol, n-propanol, isopropanol,

n- but anol , isobutanol, benzyl al cohol, and m xtures thereof to50.The
writabl e-erasabl e product of claim48, wherein the al koxy al cohol is
selected fromthe group consisting of 2-(n-propoxy) ethanol, 2-(n-butoxy)
et hanol36. 3- (Aopthpbodakeng amoitablasthsablepuedst, themetiod conptisitiEhe

writabl e-erasabl.e product, of claim48, wherein the tone is selected from
the 18 or oupibyce Sepiade SeBrBie i eaE bErRyiRel BRE SR en buty)

ket one,maealdl edel be§aill BBE 8Pkore mﬁi%rial-grt%rﬂﬂﬂsir%mn@'o@Eﬁﬁ‘@?ﬁlﬁzt@ﬁﬂ%ﬁﬁp@f claim
48, wherein the acetate is selected fromthe group consisting of nethyl
acet at dndenengenthossicgted, from Sult and Gaevigh &t lepst poe patcabohsaid oamer O™ xt ur es
therseof at53.1 '[%e vi/ri t“@l%|r§‘53%r£§§b| e roedu_ct of claim1, wherein the

wr i tabl'8&Has e Blaoaau%t PES PR RS FOT M of a whiteboard in which the cured
coating extends ugpRh Gl RrbSsHAkRps ifiRpEaIcmIphelactbd Bonbeast isdbyankd, The
writabl e-erasabl e product of claim1, V\Eer_ei n the witabl e-erasabl e product
fornms p@eKridss wethaap ethylenpogy.randtatidene, whemin sd ethwiangts eptermalsibl e product

of clai : Al I | e- I ct isin 30 the formof a
pl ural i%&%qlwsaﬁg@g},&rg’%%dg e t&%@é@?ﬁgn ’gﬂgstrate in the formof paper
and hayi ng the cueft GDainciighatxte@nds igichbeteatipeslected from arbbng Rydretylpd of

maki ng a writabl e-erasabl e product, .the nethod conpri sing: applying a
coaldi nrrigeaPhsnpl CRRpBEYIG aésmnii@d%%ﬁﬁl HIhfRhe or nore
materials, e | - [ Y Ll e r,e

functi onal g%&%?%‘?é%&%@gﬁf yﬁgiéﬁeceog?;etgﬂfs?éo 081 ané E(ﬁzﬁgoe{/%mﬁfk@g? eaast one

mat er i abritiblesaiashbbesirface,nore 5 materials being in a water-based carrier,
wher ei n: . each G _functional _group is.independently selected from
anong isocyaﬁ’af@n @Cﬁ?ﬁg{?ed‘@?tahieé?rﬁ% ,Slgf%ﬂ%‘ﬁ@%@,wl TSR ,mb/\/nerei n

sai d et Hyhanend £ cOBthPRA & YorSuRShb ki WntdistbdS OO mo@CR AN, al8dhol,

al koxycar bonyl~ and each 02 functional group is

i ndependkborty sicoell dotad, ketomcamhgl, lestdr, @xsthte, hbwmalspiritphremoityres dreeoty | i ¢

aci d, id hydride, .aziri,di ne,. and iol;: . and curd ng .t he coating
inder J5TERRREHATTH if Gt e R e PO e tabf skl

wr it abljgveimsabl e surface, wherein after the witabl e-erasabl e

surface is marked with a marking material conprising a colorant and a
sol vent, the solvent conprising one or nore of water, alcohol, 15al koxy

al cohol 5~ ket t.oni c.alcohol ., -ester .acetate, m. I L

it ur 637t ned Bl e Wereuf e Lore ARG P A0S ot s aBBrtscab o
surdfoace3doghertsubdst.antial 'y invisible. 57. The nethod of clai m 56,
wherein the coating prior to application has | ess than about 20 350 g/L of
VOCs. 58. The nethod of claimb57, wherein the coating prior to application

has | esge t ha’Th@Ql%‘cHod%q 3 it 59 wiEletn tl—%%o%gn% %Ii%;@g?ﬁcé%{onq{agil #m aWBEtr _ei n

the coating is prepare y cdbnbining the o e materials conprising
one or gk FIVOGacti onal group and the one or nore materials conprising
one or nore & functional group. 60.The nethod of claim59, wherein prior
to conmbining, the one or nore materials 30conprising one or nore 01

fungtiogl gTRURCAIR FREA FBSdnkfbiR el dodfing R8I HEL by BAsbIS: BR&ne or
more materials comprising one or more G1 functional group and the one or more materials

comprising one or more G2 functional group.

60. The method of claim 59, wherein prior to combining, the one or more materials
30  comprising one or more G1 functional group are contained in a first container, and the one
or more materials comprising one or more G2 functional group are contained in a second

container.
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or nore materials conprising one or nore & functional group are contai ned
in a second container. 61.The nethod of claim56, wherein the one or nore
materials conprising one or nore G functional group also conprises a
crosslinking agent having a functionality of two or greater. 562. The net hod
of claimb56, wherein the one or nore materials is in a water-based carrier.
63. A n€tlhod Bic whndedblaim Sbewbntcimeiont or mmiré onatertahecoretrivinl eenpmistng: a)
sel ecti a i t,abl e- rasable roduct. of claiml, 1 rking.the

ort ¢ bl G2 EPEhIER FREtp AR P elinRig efiidier i AvhAUCHA G (et or | a
conpri siregge@ col orant and a solvent, the solvent conprising one or nore of
wat er, al cohol, al koxy al cohol, ketone, ketonic alcohol, ester, acetate,

m ner al spi rit, or m'xtures t her eof ; c) erasing the marking of
the fir i rom:t.he bl e- erasabl e surface t

subs tan aI l“{"l}% %\%t:"n B‘f' cé'lan'n 5t6 Shifchn f%ta)onﬁ,gf: E:'OH% a@\ﬁ']isf’éﬁl“@t%%gé%{]bl e
surface:amérh a different information; and e) erasing the marking of
the different information fromthe witabl e-erasable surface to be
substantially invisible. zo64. The nethod of claim 63, further conprising
repeatigyg st he tho f claim®63 or 64,

wher ei n&t he %?[zies@nd &%ﬂﬁp%r#gpﬁ% f/lézlin %?nﬁtﬁogn ggrlale 13?%‘5 e Y Re

writabl e- eraeeab]eetusgum«tzeale%ﬁéﬁbmpﬁ)dmt Bo¢laiaf 1.cl ai m 65, wherein the eraser
conprises a fi brgus mat er i al 67. The method of claim 66, wherein the

erdler al so WIRFKMEdEe Wrikaie-crmsakie srrines with aaﬁr%tdaﬁmaawkm@a gnetig |
ket one,y, keton 0 t r

<t one ANl BNl 85 B1a o A0ELA! e AR A e ALK RS,

di i socyederdiog airoxlyaiwhol, keems, lanchiolalcgbok eser, beamejmnwﬁalaprmj srempxelrgol , and
wat er 69. The conposition of claim68, further conprising titani um

di oxi déhe gurface additive, a wetting agent, or a defoam ng agent.

The conposi td)Qpaspfs 64 ﬁiaﬂlﬁé of H HREI GRTHR! hsﬂ‘cﬁ'lg 15k WHEHTRD Eranfblefasugf%Q F'Oant >

71. The corrp05|t| on of claim 68, wherein e conposition has lTess t
abgat 3BGubsthntedllWOGsible;

d) marking the writable-erasable surface with a different information; and

¢) erasing the marking of the different information from the writable-erasable

surface to be substantially invisible.

20 64. The method of claim 63, further comprising repeating steps d) and e) repeatedly.

65. The method of claim 63 or 64, wherein the erasing is performed by applying an

eraser io the writable-crasable surface.

25 66, The method of claim 65, wherein the eraser comprises a fibrous material.

67. The method of claim 66, wherein the eraser also comprises one or more of water,
alcohol, alkoxy alcohol, ketone, ketonic alcohol, ester, acetate, mineral spirit, or mixtures
thereof.

30
68. A composition comprising an hydrophilic aliphatic diisocyanate or homopolymers

and oligomers thereof| an acrylic polyol, and water,
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72. The conposition of claim 71, wherein the conposition has |ess than
about 50 g/L of 10 VOCs. 73. A witable-erasable product conprising:

a cured coating extendi ng upon a substrate and having a witabl e-erasabl e
surface, the coating being curable under ambi ent conditions and bei ng
formed froma material in a 15water-based carri er, wherein, the

wr i t abl@- er aBbtampnsiticace diaimed, fenthetsompmising thanramidigrjdaatsarieed conpri sing
a col oradratt. and a_ sol veng, t he.sal.vent (f‘orrpri sing one or nore of water,

al cohol 23 ok ) AT R AESHEAMREFEAC al cohol , ester, acetate, m neral
spirit, or mxtures thereof, and the marking material is erased fromthe

writabl e-erasabl e surface to be substantially zoinvisible.
7 The composition of claim 68, further comprising a pigment or a colorant.

5
71.  The composition of claim 68, wherein the composition has less than about 350 g/L
of VOCs.
72.  The composition of ¢laim 71, wherein the composition has less than about 50 g/L. of
10 VOCs.
73. A writable-erasable product comprising:

a cured coating extending upon a substrate and having a writable-erasable surface,
the coating being curable under ambient conditions and being formed from a material in a
15 water-based carrier,
wherein, the writable-erasable surface being markable with a marking material
comprising a colorant and a solvent, the solvent comprising one or more of water, alcohol,
alkoxy alcohol, ketone, ketonic alcohol, ester, acetate, mineral spirit, or mixtures thereof,
and the marking material is erased from the writable-crasable surface to be substantially

20 invisible.
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