- 1 ACTI VATI ON METHOD USI NG MODI FYI NG AGENT FI ELD The present invention
relates to a nethod of 5 activating an organic coating, a coated substrate
having an activated coating and an activation treatnment for an organic
coating. In particular, the activation nmethod inproves the adhesion of the
organic coating to further coating |ayers and/or to other entities. 10
BACKGROUND Organic coatings are generally used to protect the surface of
materials fromincidental damage, abrasion® ~chemical attack and from
environnmental or in-service 15 degradation. Organic coatings are al so used
to enhance the aesthetaCErvaTion MPrHOR UPINGMODESY DNG SNGENT ect  or
conponent. The surface properties of nmany coatlngs dranatrcally change on
drying, curing and/or aging to beconme nore inert 20 than m ght be

predi cted baseTEEm t he chem stry of their individual conponents al one.

Wi st this phenongnon, Lo part, provides, L e, coaling i ghem cal

resi stance, inpact “Sttengih, abrasion resrstance and durabifrty, it also
conpl i cat &s tdetpratess af appiyldgceading onal ceabed nguidst tayersaving
particul arly yhei hey: & ech0ts APPAA @ 400 Do e s B edeL SEiedeor an
reapplication wi ndow. The sanme problem arises wth applying other entities
such as seal @MFNHF oMol I f i T 3T e 537 f atle? st 50R HRER @ ed on
conposite subgirtes, t ke Calise ssh | ®YOshapPdeeh M dda P18§ St ef 3P 1s@nsi tive
adhesives and the like, to such,coatings. In cases which require the

appl i cation JfOHGHHY i thEtT T AR W%Jgt‘r%e%n%‘}ﬁtjo?%er entities, a

mechani cab abrasion or stripping process of the coating is generally
necessary txgégébégﬁhﬂe-application procedure can take place. 35 In the
specific exanplé of airrcraft coatings, it is well known that adhesion wll
not meet i n-servidergarkic perdormencers egieenent susdrbnt$ rppsdi ¢ @y etrlse of
coating are apptded oweladSyerss wilah haveiaoed, bexpnd: ! he, acceplanl e

reapplicati on wi ndow. The acceptabl e wi ndow nay be of 1] order of days
under anbi entChImeidt chstafk potenti At 1S7 G HIMPS bl e? T cerTSR TV Eehdi ti ons of
Bi gh temergtdﬁgﬁcaﬁiatﬁjﬁ{jer%d’mm—cﬂ!ddaﬁﬁw a:lif@_ap@cpg{jg@c@tﬂ@lremm_ has
een excee t he st andar ctice for. a i ng additional. . coating
| ayers on air eafateﬁﬁ‘\‘ﬁgﬂ%% q{@c{/ﬁ%l $1 bt agglip?%e%%est hoef P THT Y 10
Bot h chem calceigarppitng and mechani cal abrasion have limtations.
Mechani cal abr asi S or, | Ve, .t roduci bil i i.s variabl e,
and it is ergonom%ha Isydlaégaoé% I%}‘Iogglﬁfﬁloesf hggfrﬁ%rﬁf)y&replerﬂ i‘%/]}/eaﬂéa'rsitdlc\aﬁlbratory
nat ur e change on drying, curing and/or aging to become more inert

20 than might be predicted based on the chemistry of their
individual components alone. Whilst this phenomencn in
part provides the coating with chemical resistance, impact
strength, abrasion resistance and durability, it also
complicates the process of applying additional coating

25 layers, particularly when they are not applied within a
predetermined reapplication window. The same problem
arises with applying other entities such as sealants, pin
hole fillers and surfacers such as those used on composite
substrates, decals and logos applied with pressure

30 sensitive adhesives and the like, to such coatings. In
cases which require the application of additional coating
layers and/or other entities, a mechanical abrasion or
stripping procéss of the coating is generally necessary
before the re-application procedure can take place.

35 In the specific example of aircraft coatings, it is

well known that adhesion will not meet in-service



of the work. As such there is a pressing need for the 15 devel opnent of a
surface treatnent to i nprove the adhesion of aged or inert industrial
organi c coatings towards additional coating layers or other entities, for
exanpl e, adhesives, sealants, fillers, stickers and the |ike. Coating
manuf acturers have devel oped a nethod of 20 inproving the procedure of
coating stripping through the developnent of barrier |ayers and
intermedi ate coats which, for exanple, pfotect the prinmer and conversion
coating of metal structures fromthe chem cal stripping agents (US

6, 217, 945) . péethouginddi seqpudcedenes woukm ﬂﬁe$mdh££et$e0ﬁnnmmnimg are

i nfrastruct i 0, | |

sur f ace whi cHERTRE S GaveRt i ch b8 RABBElof TN Al Sl ALES o
Haack (Surf ateappbi¢ait et aekndeial | Im@omce}ztgabb@zg:)nd@m\;@@y |kg%t@a e
interaction QEdéHtQﬁD&é%§ M&dﬁréﬁ@% §&&P@$éﬂ‘§lsoy2§@i9eﬁ%&éi ght to

generate ozone. Prom sing results Iin terns of roved adhesi on and reduced
water cent a]é@uﬁ%glF%@eV\e@%rtb@b@&%@dwiba@%thNﬁ NEFTER S BMSULE rfRBr por at i ng

Ti oztwerle Zuﬂg@ﬁérﬁd ﬁm%&%ﬁ@yan%ﬂ% Lw@ﬁeatl M@C\!’fﬁloﬁ het ed & ?1&9@?%@?&
practical difficulties associ ated wi S str icu y in
Derms of | {S<COMET e BIS Ve SIIATY FEACHRT | 9T | Db Hlg deoitpndl
suscepti bl e toatong ohamlran@hfmrd:raeﬁtt i Trgvd v e rmescin d raioersl alﬁtmcbrheaf
occupati onal . 1?@3%(% a&gi? ty issues nake it |ess suited to commerci al
appl i cation. oogl field, Park et al. (Biomaterials, 5 (1998),
19, p851P enpl oye@otfhecmmica@b St et praieg NHL.G riegphanocayy aftrahiedn dedvepeci es

onto_pol yur ef hgne, £ ubher . %@Maﬁhcérfvé/bﬂsﬁﬁe i@'%f‘ri Snd A0 12,

p2683) enpl oye a strong e to renmove t surface urethane NH proton to
accel erate stRPr Jébblfﬂ’w clyregd iyl e eattd obs. 1%&%%@%%‘%3&]&393@ es are

unsui tabl e fessonfiovad g m@&mghppa&émltMél%rcdlexm@@w@acftamr@l netics
of the first trate%/ V\D%\/ Ei} oslowto b %)ractlcad J{;artlcul arly
since, consy eW%dg He Ut acE EherHyP T HEH AT i ng of
such codbti ngssve hepneret hahea NHgT g st megtmeit 150 bienmrewentEte taJJWai‘EdiSDIt he
alr-coating daterdacs, sHe-LskAlecdery Slqang ind$ RSfaidle second
strategy, may degrade existing paint [ayers, resulting in mechanl cally
weak foundaddH-¥yrak r%ﬁmgluaﬁg%r% P radHdrer t@tlﬁiﬂrqawerﬁﬁfr exanthes | at t er

strategy I's ahis0s Upaeceptall g Orfﬂcltér\/s'ﬂlt NG A4 Araey aﬂ@;’islldé@ to
corrosion and health and saf e consi der at i ons %ﬁeasstrate |es in the

bi ol ogi cal fiel d $RRE DT FIRE § 4 & A B 4% nol ecul es
onto the sumesriofg hﬂmmsﬁcﬁ:addm wﬂeidmm@wﬁ@q:q&r(d\/airMm(ﬁ{ 2 al, J.

E)Il 8 r7n; ;j Zets h% euv(ﬁ1 Oogp(zggnerm Ff:f3a8r6r i eEJ:a tloanye(:"rt S aé! rid lBI’WI. tOerEB.t ec{l aat g'c o(a]’l:9 96). 17,
whlch for example, protect the primer and conversion
coating of metal structures from the chemical stripping
agents (US 6,217,945). Although this procedure would

25 reduce the amcunt of infrastructure down time, it still
relies on paint removal to provide a surface which will
accept a fresh coating layer with acceptable adhesion.

Haack (Surface and Interface Anal, (2000), 29, p829)
investigated the interaction of automotive polyurethane

30 coatings using UV light to generate ozone. Promising
results in terms of improved adhesion and reduced water
contact angles were produced when paint formulations
incorporating TiO; were subjected to Hy0, and UV light.
However, there are obvious practical difficulties

35 assoclated with this strategy, particularly in terms of

its commercial viability for application in areas



viable, the main difficulty with this strategy lies in pronoting actual
grafting of the substrate. Controlled glycolysis or am nolysis as descri bed
in 30 Polymer Engineering & Science (1978), 18, p844, and J. Applied

Pol ymer Science (1994), 51, p675) has very slow Kkinetics at room
tenperature and as such is not a practical solution. The use of reagents
such as di nethyl phosphonate (Polyner Degradation and Stability, (2000),
35 67, pl59) is also not appropriate sinEe3tﬁey are highly toxic and act
too slowy at roomtenperature. - 4 The strategies disclosed above do not

adequat el y a@I@lweLStmeeneedc&@fo@h@nd&vel@@ﬂeﬂte@&mgsyéf@@e sthreateent to
i nprove the 379 esr an of _aged or i]% %J(_)t ani atings to addfétlogal
t

coating |ayer?s AR (T’ AT P B NG h%n%r%% 5 COIRT EF at
viability, hebtsh amdte@at@tqommd@l aapp)hsc;am@bl e kinetics,

applicability to f,_gag dtob
rggo: vedI IItyr s to erst %;ﬁé‘f@ aﬁg@&r?%rﬁarﬁ%&g E‘??%g%?on |On ©
t he biol ogi call3%@l d 1%r rleﬁ%lﬁ)re%m@bom eklre SLSBE&*F@ elﬁeer*elm@e i sg peEp

constitute a“t@%%éﬂ %&ﬁl@afn@%\@clemﬂl@@tg)@fyﬁpem@né e&@oeéhogﬁgﬂﬁér' al

and architectur coatin have now found

allows the de¥V¥a®t onl of ?%%%’F%r%:%?r f20tb 44mreedhed P belfredi & e
properties toyerslsy fudddero coahdng Ly essrodcd hersSanen®rny dbfdesentot ype,

and/ or other entities wthaout co n 20_cpating integrit a the

use of nild r&ay Efrsa%ﬁrdsu%b f‘%‘?@oh ﬁ . %@ejs%golfg%%ﬂ?/‘g?l o#%’r\%aged

coati ngs 10mhe¢tndrteegimweamaﬁeﬂeﬁtambe a:f)qmtrmﬂzlmrtmqldmmgamem ecoadhess on
il t t

coat i ng. are i S ER PEAALBICELIEMES PRt LOAR e e A

activation arme teactivatioraipradel ealed paviekehbmgeabsincahe term "nmil d"

in this contexdndedersnd %@%&%&f% Céh@f(ﬁ{ rléiﬁd kﬂ?é’@tﬁé’s@et@xce%' vely
corrosive, acidic basic or toxic and are app |ca for use in highly 30

regul ated i nd‘?.%riqlrré:'! Thvitdhriisingre Banpret n%LN)I'ILI HPURAVIF BNt is a

conmer ci ab allféirc&_’fierﬂﬁédlttchfmgﬁ thé@hﬁwxfw&irygtﬂetémf@bé eagﬂm sustsesiE i n
t he preferred plicati 3) net hods do r%ea verscelélt affect the
er

| k
aircraft coatl%r SOt 11Ying caati ngss e atm§% ey, C&Jegrade
sel ectively sﬂxuqdqmabj eaioat | rgssror mﬂiekﬂwqrgln sarbe&crraarelsqalslmhﬂ@ask

al um ni um ande % i gor 5f e“sq}’aéﬁe@& % ddisSrdmEtdod Ao gl e,

requires the o s, of ani cal abrasion or chem cal
strippi ng of Wit ordfdifit %to‘%ﬁﬁerﬂgy tigs |5hlp‘5rcb\}€qeiqcse%*tﬁ¥é]s‘? Vieor activating

20 large areas due to cerrosion and health and safety
considerations.

Other strategies in the biological field have
employed free radical techniques to graft molecules onto
the surface of biomedical polyurethane surfaces (Matuda et

25 al, J. Biomed. Res., (2002), 59, p386; Eaton et al,
Biomaterials, (1996), 17, pl977). Although commercially
viable, the main difficulty with this strategy lies in
promoting actual grafting of the substrate.

Controlled glycolysis or aminolysis as described in

30 Polymer Engineering & Science (1978), 18, p844, and J.
Applied Polymer Science (1994}, 51, p675) has very slow
kinetics at room temperature and as such is not a
practical solution. The use of reagents such as dimethyl
phosphonate (Polymer Degradation and Stability, (2000),

35 67, pl59) is also not appropriate since they are highly

toxic and act too slowly at room temperature.



properties towards additional coatings and/or other 5 entities. In a first
aspect, the present invention provides a nethod of activating an aged or
inert organic coating to enhance adhesion of the coating to a further
coating and/or to other entities selected from adhesives, 10 sealants, pin
role fillers and pressure sensitive decals or |ogos conprising applying a
solvent and a surface chem stry and/or surface topography nodifying agent
which facilitates surface reduction, surface hydrolysis, surface

oxi dation, surface exchange, |ight induced surface 15 nodification and/or
adds chem cal funthé m@iéﬁe’giéstmcmécac@@fe tde osigadeqeoeding. I n

anot her aspecédrtshse resent 4| vent| on ré)i/l desna ~f£oat url.subst rate havi ng
an activat ed coat] ng, WHETET n- T dclileSIO B Rt Dat ing to a further
coat i ng and/‘oreatmert 220 Jemmfr@stlrselaecmwdmmﬁa@@%@r%gn@@almmlw n
hol e f111erscand; pressur syeanshddy e decals Oydagomdias. Rean, enhanced by

application of a solvent and a surface chem stry and/ or surface toprygraphy

nodi fyi ng ag®hilwhith THARTIREeS Shrddreereret VPl kirfade

surface 25 oxd€lady ben§idéz@é§@1&i<§h&ﬂ%lé ll@iﬁeﬁi@dc%ﬁwé@&ﬂlﬂy)ﬁal cation
and/ or adds che caI functr onal t%/\%to t he rface of the orga@ijfr c %oatr ng.

The sol vent gt et e?tc Ceandt 12hb

sequenti al | yrexrob\ﬁew at eI y 30 Advant ageousl y, the solvent and the agent
are applied to |ntheformof an

tffte organ coati % eou Iay e,
activation treatnent. e a gent %y ac ependéity ¥ iBmite sol vent or
al t er naflPvel gul Wecawindri niat mjne dflqll“mglsaﬂlve‘melai]dls hee Zeyerd 35 hemge e

necessary tos@érf %f@r&r@@%éy r%)@tdcﬂgstsﬂflj@é:ear?%}h%glyorgw Y known

t opogr aphy. In a further aspect present 1 nvention provides an
activation tar@altlr@ﬁl%rt%rfftﬁ Jairf k9 Datiti 1o ehh e 2 2HHES TG t he

coating to azdauites. coating and/or to other entities selected from
adhesi ves, sealants, pin hole 5 fillers and pressure sensitive decals or
| ogos conmprising a solvent and a surface chem stry and/ or surface

t opogr aphy r8UMMARWig agent which facilitates surface reduction, surface

hydrol ysi s, surf f i.nduced surface
nodi fication and;’i‘l\ge(ra ho%;fsqgédprﬁfe%%aﬁaq%un?ﬁcm%} aht gﬁ%sne&%urface of the
organi ¢ co@%tigatie i émdasn alsw tinmA des Janpmtfmcfffemr tAsdegregpar at i on

of the acti \lgatdp&ttlreeﬁtmrd%efﬂdﬁdu@b%t rd el g diherd e dE Xing
t he sol vent t he surface 15, chem stry and/ or surface t opogr a
Wﬁr%f%r s,

modi fyi ng a SHHEh TP 13 %S %tu‘f’afra@éltr]éﬁ?&l

surface20 coating integrity, .via the use of mild reagents and
conditions. The process of activation on aged coatings
when they have exceeded the application window where
adhesion will not meet in-service performance reguirements
when fresh layers of coating are applied over layers is
25 alsc termed reactivation. Both activation and
reactivation will be used interchangeably.

The term "mild” in this context refers to chemicals
which are not known to be excessively corrosive, acidic,
basic or toxic and are applicable for use in highly

30 regulated industrial environments. One example of such an
environment 1s a commercial aircraft paint hangar.
Additionally the mild reagents used in the preferred
application methods do not adversely affect the bulk
aircraft coatings, or underlying coatings, such as primers

33 or selectively strippable coatings, or underlying

substrates, such as aluminium and composite.



oxi dation, surface exchange, light induced surface nodification and/or
adds chem cal functionality to the surface of the organic coating. 20
DETAI LED DESCRI PTION I n this specification, except where the context
requi res otherw se due to express |anguage or necessary inplication, the
word "conprise" or variations such as 25 "conprises" or "conprising” is
used in an inclusive sense, i.e. to specify the presence of the stated
features but not to preclude the presen6e5oF addition of further features
in various enbodi nents of the invention. As used in the specification the
singul ar fornms "a"Ad86ntagtoandy;tbrtsinetude pburahgeef eegncessunkess the
cont ext cIearLyagggggtgf 8&Q$£§@58r Thggé gor]exgnglg, reference to "a
sol vent” incl Gdes m xt'Gre$ of “88I Venl'sy"*Peférenté o ah* ageRt “Fncl udes
m xtures of twbrépoipgecisachoagenis, caaditbetbi keprdseThesmetihedioé the
present 'nvenﬁkgﬁekﬂyggvgéwagg%'Xé&FEQOQQlOEQQEEg Qoéﬁg?g s, ag to enhance
the - 7 adhesive properties of at |east the sur aceo he" coa i ng
t owar ds adﬁit?%ﬁéFlﬁéaping | ayers and/or other entities, for exanple,
adhesi ves, seal antsy pin:hotesbbblersinePhessuhe SEPshityg ?E&@kdgé Logo
adhesives and the like. 5 The term activating' is used in this context to
mean the i nproveRent of CthiécalRestied propert 88T bf CEARNSF gan e-N8oaei ng
relative to thenadbesidgepiopesti escotothaty €9aki AGrLREEOECE01ARPl i cation
of the solventngpd tge ggent. 19 The mo{d "cgatln " is used herein its
broadest sens@ “aRt testribestUktbrati Vet toptdat §°T URATRFEOUES!
i ntermedildt e soaténgs; pinneese Sealers;ahdcguessurecoatbsngsvahiehaase
pigmented or &} eRlao¢oahh 08, desi Angd,: [Or, SRECLLLL PULPOSES, (3UEh as,
corrosion prevention, tenper at fes s?anqe, or panpuf?age; coati ngs
which are hi ghegiossy matfel textaredioprysamoy el fyhishigont eobthngs
contai ni ng spegial 1y, @ddi §ivesce SHER @81 o®] abyrrilakesdard Ny generalysoLgani c
coatings which are cured, dried 20 or aged beyond a certain tinme period
devel op resi stAMEEE T £ OF I IGE sE¥ Oy Geihebst Vet | 1 hkages $oWedeR ot her
entitiesls Thebd:iSlcd@acen piopest i £ Hecome: 0D efimer Lot han: wi ght e
predi ct ed, baggg on tgg ppenistr . of thg{r i ndi vidual conponents al one.
W thout w shing 1o Be T i ed By thedty- 95 it is believed that this
phenonena may result dmomer seocti ormheé mcostinglswefaten emesgydande anount
of reactive sufage. funcld onala of oups, | COMUDELL O WA i AL gl
cross-link density as a tfunction of cure tine/aging whi ¢h Trakes chen cal
i nteraction aHfFoFTiehert the coating to a further coating and/or other
20 entities selected from adhesives, sealants, pin hole
fillers and pressure sensitive decals or logos has been
enhanced by application of a solvent and a surface
chemistry and/or surface topography modifying agent which
facilitates surface reduction, surface hydrolysis, surface
25 oxidation, surface exchange, licht induced surface
modification and/or adds chemical functionality to the
surface of the organic ceating.
The solvent and the agent may be applied either
simultanecusly, sequentially or separately.
30 Advantageously, the solvent and the agent are applied to
the crganic coating simultanecusly in the form of an
activation treatment.
The agent may act independently from the sclvent or
alternatively the combination of the sclvent and the agent
35 may be necessary to affect a change in coating surface

chemistry and/or topogravhy.



3C formation of strong adhesive |inkages with other entities difficult.
The organic coatings which may be activated include, but are not limted
to, fully or partially cross-linked organic coatings. Exanples of organic
35 coatings include, polyurethane, epoxy, polyester, polycarbonate and/or
acrylic coatings, nore preferably - 8 polyurethane and epoxy coatings. Due
to their superior mechanical properties _and resistance to abrasion,

chem cal attack, and environnent al degFa&afion, such organic coatings are
wi dely used to protect 5 infrastructure in the aerospace, marine, military,
autonotive, 1and consheudcChispacnduskr besseMany nobnthesepreoaticeganshow a

mar ked reductkon |q adheS|on e other entltles %ch as addltlonal coating
| ayers, adhésives, seaFants pressure SEH8PEFvE décaPs “6r Pogos and the 10
li ke, with am@eeagedOﬁlneeotoamnnggtand/mnragemgcoahenacandéprohonethod

| nvol ves applylng Lig galvent ocand khenagentst0.a suptaceof phe prgani o
coating. The surface treatnment is not a conventi onal coating such

primer coatitAglerst radceaessbue panRefigechenréal °I51 ﬁﬁ@ﬁo@ompfﬁﬁéﬁﬂylng

the surface 0k tiherexkshi BYs6RRLLRYcheR 1LY khal/srMLerReEeptive to
form ng adhesive interactions with further coatings and/or other

entities. W-CREICRIh'AG €81hE PERIted by t REGLY IFEFS SP6TBEFRI eved t hat
t he interaC&b@ﬂcQﬁobhesagﬁﬁbeaﬂ@ﬂably%@bveﬁtrﬁéﬂblﬂ&ﬁd@ﬂwmhthsLBEaeeatlng
nodi fi es the oatlng face ch stry _and/ or g%on gggraph

Ac

en
enable it t&6ecREFe r rece t V8 F5Rards =8 Rel  &h lFl arng"b ut not

limtedo &démﬂceﬂafuogaupnglhayets.LES Suchiaagent'sthadbogasotbvents are
chosen such_that the bulk integrity of the coating and underlying coating
and substrate structures are maintained. Suitable agents include those

whi ch facilitateTheheniveatiandrdect Bpoyr-aphi ealcRbarf featF8A of the coating

30 surface suwebBsas-byh pet chinktedyheiagents.whkeh haeihkhakgosurface
reduction, surface hydrolysis, surface oxidation, surface exchange, |ight

i nduced sur FREBTHBANE |E§F| 8hePafid/ B 488 Eﬂ@nﬁ@éVeFEnB%anBP?t§dF AtRe
surface&bf themweeaylegd/BE éa)fExanpbeSgeﬁpagembslc@pa@legehtaﬁﬁechlng
surface p l.nglud eductants _such,as,sodium.borohydri de,
potaSS|un1 g%o 6? g : gfﬁfe " gP%ﬁyardeer?ﬁ% 3roﬁyﬁr|ae ca?c%un1
borohydrldeoamdaéﬂRéxyShaeeﬁexyxahéﬁeﬁrahﬂﬁbt dediigadi vesfahereof such as

sodi um et hgxy i berahydhni d8qoh-S:Lthiunndinet byl apt Behor ohydsi dg: sodi um
cyanborohydrld

urface of the organic coating.
20
DETAILED DESCRIPTION
In this specification, except where the context
requires ctherwise due to express language or necessary
implication, the word “comprise” oxr variations such as
25 “comprises” or “comprising” is used in an inclusive sense,
i.e. to specify the presence of the stated features but
not-to precliude the presence or addition of further
features in various embodiments of the invention.
As used in the specification the singular forms “a”
30 “an” and “the” include plural references unless the
context clearly dictates otherwise. Thus, for example,
reference to “a scolvent” includes mixtures of solvents,
reference to “an agent” includes mixtures of two or more
such agents, and the like.
35 The method of the present invention invglves

activating an organic coating so as to enhance the



borane and borane conpl exes; al um nium hydrides such as [|ithium alum nium
hydri de and diisobutyl alum nium hydride; calciumhydride; sodium hydri de;
Red Al (sodium bis(2-nethoxyethoxy)al um ni unhydride); selectrides such as
10 K-sel ectride (potassiumtri-sec-butyl borohydride); sodium

di hydr o- bi s-(2-net hoxy) alum nate; sodium borohydride m xed with alum nium
trichloride; lithium triethyl borohydride;_and lithiumtri-tert-butoxy

al umi nium hydride. 15 (b) Exanpl es of a_ge?ﬂ—s capabl e of catal ysing surface
hydrol ysis include: (i) Acids such as organic acids, for exanple, formc
acid, acetic atiesibenzoiceacies @f opanbegsaciite smtomnie ofcitk o©xatiggacid
and kenp's triacid; | .nNo [ cids,,_ 20 for anpl ¢ hosphori c aci d.
(c) Exanpl es %@%ﬂ%%?%g%%b% I?%Po O%fjfrcéj%t%a S 5Ur %é)e(or oxT d%fi%rh“%hjc?%e: (i)
Oxi dants suchf@ls exdudlor cidloeyanesi csacld)ts sodiumbypothl beis¢e, hydrogen
per oxi de, potgssi um 25 el nenganal s, ROL assiim il omale. o peripdi ¢ gl d and

lead tetra acetate. (d) Exanples agent s capal | ecting surface
exchange or tThsEdteridfeatd o ncludeseqdiin netsd @Kot dese oreahetat es
thereof, suchigsrSRthose; putid naghd 0 vAl koxides; and, alkyd al koxides of

metals and netalloids" Mehrotra, R C., inorganic Chemcal Actia, Reviews,
(1967) p99, T udihg $13EhUnTOrtT rEbHi Ui S KRG desCdrolhetdt es t her eof
for exanpl e tdwmse mpr ket et thy aopamtesorsuch ase Pontnoraelest ,
i.e.tetra 35 égorp{opyl titanate, tetra-n-propyl titanate, tetra-n-

butyl titanate, Tetra-2-et hyl hexyltitanate, - 10 tetraethyltitanate,

tri et hanéPami ne tiftrehater€chet@teingt et aiseprivpyd izi ridonatmadest sense

tetra-n-butylzidconate and déééﬁ@wl@sgén%u%ée! Sghelate. (e) Exanples

of agents capable of affecting light 57 d surface nodification
include: (i) Pricerpadicsdt 97 i Or LB Bs 197 k98t or'S i/ are
activated by dde: presence-0fatd ghtgmdreferably adsi bl cddghtad ndyced free
radical initiators or conbinations of free radical initiators wth
tertiary ani me§ arthort ol F6° Bt mit 157 et Tomd S tis T4t ed Ypeci es.

Sui t abl elEi ghtergotiatated rav itdtatraress, iocladesbiUtagre cowdtidgsmdredt gre

canphor qui nong derd vat . t tgg{' zsqggjeg}ﬁ e and, dgrivatives
t hereof, such agg{]q] | eét’hﬁée{'\r%ee?{obéé%op eedn’oﬁog%1 and p gﬁly%l%olgﬁ’i nog%xi de 15

derivatives, ScH HE qgacurieq QBN La et tﬁ%ij;liélrﬁﬁ?e ayehtsss infdlaide
speci es such ass NN di net hyl toluidine, N Ndinethylam no
et hyl met hacryl at ©i1n nee;[nheyrlali modrazaorlied Cl\(l)lél{l\g lNI tsetv{h%_rée};[ hayr!e- 1du4r:edet adnreie% am ne
and g r g g '
20 or aged beyvond a certain time period develop resistance to
forming strong adhesive linkages towards other entities.
Their surface properties become more inert than might be
preaicted, bkased on the chemistry of their individual
components alone. Without wishing to e limited by thecry,
25 it is believed that this phenomena may result from a
reduction in coating surface energy and amount of
reactive surface functional groups in conjunction with
a higher cross-link density as a function of cure
time/aging which makes chemical interaction and/cr the
3G formation of strong adhesive linkages with cther
entities difficult.
The crganic coatings which may be activated
include, but are ncot limited to, fully or partially
cross—linked organic coatings. Examples of crganic
35 coatings include, polyurethane, epoxy, polyester,

polycarponate and/or acrylic coatings, more preferably



NNN' N t et ranet hyl phenyl enedi am ne. 20 The nulti-functional unsaturated
species may be selected fromacrylates, for exanple, hydroxyl ethyl
acrylate; nethacrylates, for exanple, polyethyleneglycol nononethacrylate,
hydr oxyl ethyl nmethacrylate, glycidyl methacrylate, N, N-dinmethylam no

et hyl met hacryl ate, 25 ethyl enegl ycol dinethacrylate and but ane di ol

di net hacryl ate; and acryl am des, for exaﬁp hydr oxyet hyi acryl am de and
his acrylamde. It will be appreciated that t he agents may al so be
prepared in-situ fromtheir constituent conponents. For 30 exanple, LiBH4
may be prepared ur-tsiatie hm@n@@@ﬁﬁ4caadlb@@1 ane sadhu@nme@hpéyb@&ohydride
from met hanol, and .N g E % t(s). are genera y, present in an anmount
nore than abou 6’6 1@{08 er b more than “abst 6: 1% "and nost
preferably abeot c8.l0:k1teckabent Eﬁ%ﬂbasaanmaltHegBEdBOUQh,mehght of the
activation treatnent,, @ the 5.1 71681 | natihon ot gelvent (s), agent(s) and
any further optional additive(s). ferably the sol vent and/or agent only
i nteract® wilth@8é r§Gr-E€e 6f ¢ ﬁea@ﬁ@éﬁﬁée@oﬁﬁFﬁQESoFPhaFaﬁﬁe 5 integrity

of the coat ian@ck®tnet, campr edhseducThensohvent rmay bevangi Bgl ensgkvent or a
conmbi nation_of .two Oéﬁnnre solvents. Preferably the,solvent |s an organic

sol vent. SuFPabrEdsr § e 25 BRVERts T6FUSEEPBNt-1 Egﬁﬁﬁﬁﬁp 6Rs®dépénd on the
surf ace nodbhyhmgeage@mchcaenabdyedoﬁelgcoéalngoWé@brabomeheamdesnclude but
are not limted % ester based.sol ven §ESUCh as et h iﬁetate

NLeCnt e ryFSécgtgFESlblve ggé t&~- lg888t§ 8t at e

propyl acetate, i'sopr
tertiaryobuﬂykeaceuamelandegbydotleehef aoeuagesndIEr(bglhgtones such as

met hyl et hyl keteng ﬁg%EQXkWoHrQBXEOEeEHQSéVQEtQXB @ng) kogg: /[ grLhyl

i soanyi ket one, i sobut'yl ketone and acetone cohol's such as
aromatic aIéBﬁoF@e ﬁ@?nﬁxéﬁpﬁeSufBéﬁ?foaFééhﬁrcaaPFpﬁaﬁré“abcBh@Is for
exanpl e, tegtirabye 290@@&@5@'asnﬂaﬁtén@bnvéﬁﬁQBQQHYCBHEQH@|sub50950p3n0| n

propanol, ethanol, meth and. cycl ohexano a et her for
exanpl e, th8s& narketsd QQDBﬁ/EﬁéeFO?he EPngaQﬁﬁgeg hﬁﬁb? Euch as,

et hyl enéb gl yeohpdpolyethylfeneg ghygcelrfdcet byl ehe gkysohngtcoethy@ene
glycol, 25 Let Laethylene FygoLEC bopykens abyels ghpLopylene ol yool,

trlpropylene glyco pr opy ene lyco Rei r mohoet hers such as
mono- G 6 aIk?FeéﬁﬁéF§nﬁn@PH Agribar ﬂ@@tnn@ﬁtédefgrthbéérnarketed by Dow
under the teadet+;pame Downanol E-series and P—serles gl ycol ethers. 30 (d)
et hers such as glxcol diethers, for exanple, the -C, _6 alkyl ethers of

glycol s such as ArefRBrs¥of 1BEhyPehe giyeofd 8?e¥%§?éﬁelblyﬁol
triethyl®enebglyeokd that the interaction of the agent and/or

solvent compiration with the coating modifies the
coating surface chemistry and/or surface topography to
enacle 1t to be more receptive towards other entities
including but not limited to additional coating layers.
25 Sucn agents and/or solvents are chosen such that the
bulk integrity of the coating and underlying coating and
substrate structures are maintained.
Suiltable agents include those which facilitate
chemical and/or topecgraphical modification of the coating
30  surface such as but not limited to agents which facilitate
surface reduction, surface hydrolysis, surface oxidation,
surface exchange, light induced surface modification
and/or add chemical functionality to the surface of the
coating.
35 (a) Exarples of agents capable of affecting surface

reduction irclude:



tetraet hyl ene glycol polyethylene glycol, propylene glycol, dipropylene
glycol, tripropylene glycol and 35 pol ypropyl ene glycol including but not
limted to diethylene glycol dinethylether, dipropylene glycol - 12

di ret hyl ether or diethylene glycol nethyl butyl ether such as those

mar ket ed by Dow under the trade nanme Downanol E-series and P-series

gl ycol ethers; and cyclic ethers such as tgtrahydrofuran; 5 (e) am des such
as N-nethyl pyrrolidinone; (f) aromatics Such as toluene and xyl ene; (g)
hal ogenat ed sol vents such as dichl oronet hane and tetrachl oroethyl ene; and
(h) water 10 In view ofediher4:0xd Csis_tcyrlaikd Sftﬁgﬂﬁrhvkﬁ:ﬁfl\@rcﬁﬁtﬁ@ﬁt@cbtaééﬁlﬁ@t of
hal ogenat ed oIv ants ( 1t will nder st ood shoul d be used
within the cions% al it s&%‘f letn}ﬁl‘rr%n u}é)fg %%‘l ﬁrlréﬁ'r %Ioﬁ -+l ati ons.
Preferred soIMmmr@eﬁtmrMW$dN}eﬁuﬁ, sucht @sy &'d &thydmacet at e,

et hoxyet hyl A8 1S résoprwé ACBI &, ansll AL, Ll A@sry &#@%@fﬁéeﬂt £

ket one sol vents S propyl ket one, one neTh I

i soanyl Ret onie" i} ﬁlmﬁwa%mow%@d% c%ﬁﬂﬂ@ﬂ s%cﬂfﬂkaismfe&t%m

net hanol , et haxethanad ,odmmmex@@ bt anol s urd effd A de butanol 2 and
secondary but anal ; ether  sol vent rch as C 6 al kyI et hers or conbi nations

thereof ~(i.e:'mXe&y LH%lrrsl)mbfw Rridi Y| Yot L H FropyA ERE. gl ycol s
i ncl udi ng buthyptidd mided: ton g{wlﬁei,déjﬁ gflcydﬁeulm Hydgl e, Rd et agl yue and

di propyl ene glycal dineth et h 25 and cy, Jc et hers for, exanpl e,

t et r ahydr of ugjafrﬁ Pjarﬁ O’%%ﬁ%fmy asld%%sum ) iy TG i Jr‘?g%%rg)ua‘ﬁ’d Rt er .

Pref er redOsoIKfemleemﬁIidmtGmnsassrminucteclgrqmmmﬂiﬂeroraﬁetcm_eneccmbi nations

such as di pr pcgl t y cetate; ether:
CIQQ?CQ‘ 26 th? me (Bé%e d]ycoegﬁyne %% ur

al cohol 30 co |nat|on ich ‘as pro et her:
i sopr opanol , ARFTOEERGIS THetITansIth @o&mw L slegoligarde s blittEaroln tertiary

but anol , et hqmeeimwr@mmrde etdnd hexanalr -athylane-glyca) amponethy!
ether: et hangl , raet hanol ,” et hoxyet hanol and/or i sopropanol; gl ycoI s and 35
monoet her corBiHatd%ns such as di pr opyl enegyl col - nonomnet hyI et her,

di propyl ehegyl col - nanobutalretdergf andimrs -cak3b1 dig epydanegylcayr fetdrer
conbi nati ons ,such as , tetrarycfrofuran triglyme and tetrahydrofuran:

di propyl ene hg}/ ycoJ1 it i ket ones and acetate conbi nati ons such
as net hyl et hyl ketione Aceidﬁoweimws acetaaties and dmt Mydr Bxamdlcketionmic

et hoxyet hyl acatat %cé\'rl@ta@ﬂ pwefrpz'dl@ nENe:, p%tcﬁu\é! cetal:g efhynacetate:
benzyl al cohol: dipr opy ene ag ycol dinethyl’ ether: polyethyl ene: and

met hyl propyIaClI?eté’ﬁ@ TetRAc SRy IX Bt c?netm%dcala@oll\?’é}?ﬁga@or?orar%ﬁsons

20 feor example, phosvhoric acid.
(c) Zxamples cof agents capaple of affecting surface
oxidation include:
(i} Oxidants such as trichlorcisocyanuric acid,
sodium hypochlorite, hydrogen peroxide, potassium
25 permanganate, pctassium chromate, periodic aclid and lead
tetra acetate.
{d) Examples of agents capable of affecting surface
exchange or transesterification include:
(1} metal alkoxides or chelates tnereof, such as
30 those outlined in “Alkoxides and alkylalkoxides of metals
and metalloids” Mehrotra, R.C., Incrganic Chemical'Actia,
Reviews, (1967) p99, including titanium or zirccnium
alkoxides or chelates therecf, fcr example those marketed
by companies such as DuPont or Gelest, i.e.tetra-
35 isopropyltitanate, tetra-n-propyl titanate, tetra-n-

putyltitanate, tetra-Z-ethylhexyltitanate,



i nclude high and | ow boiling point solvent conbinations. 1C The sol vent (s)
are generally present in an anount of |ess than about 99.999% preferably
greater than about 70% nost preferably in an anmount of about 80%to about
99. 99% based or the total weight of the activation treatnment or the

conbi nati on of solvent(s), agent(s) and 15 any further optional

additive(s). One or nore additives and/or _inerts known in the art of
coatings may al so be used in the method of activation treatnent of the
present invention. Exanples include: (a) rheology nodifiers such as

hydr oxypr opye dretdiHy 1 2@ sceltleyl ase steago IMetibecelil 23kt e B&W)l,gtraé'pdi fied urea
(e.g. Byk 41 410) and pql yhydr.oxy ar| boxyl ic @ i.d am de Byk 405);
(b) film fo%nljetrs Sudh & gstreroéatfe dI%C&I’ b(&ylD IC gcrgco(nea“e (a usol van FBH,
BASE) and gltydcitretridesife. g1 Dowariel che2stbow); (c) wetting agents such as
f1uorochem cal surhaGtantss o< &9 3M:E ll&%ro%@lea%d polyether, modified

pol y-di net hyl - S|onane e.g. Byk 7307, 333); (d) surfact ants such as fatty
aci d der P vatinges ee sy rfage B@dﬁfﬁd@atspg 2543314‘1}52!%20) and quat ernary ammoni um
salts; (e) di spe(rlsam{r%esu%@w%%mo@r iORILG rSUhact ant § nbased o -an Bk iAary

al cohol s (e.g. Merpol 4481, pont) and al kyI phenol - f or mal dehyde- hi sul fi de
condensat es €. ﬁ‘CL*Cﬂaéfﬁlaaﬁtys tf&@ﬁ’)feS@@C@fP anti@ roaRicRg Cagent's V-51P4€ (g)
ant i corrosLd@hrteagleﬂmtc&aslf@l&ea&‘raplh@saphahete&tteh:s ofre cgmpADB-ABhs At i cor
C6), al kyl ammni ym al.t q 2- .benzot.hiazal ythi 0) succinic agcid (e. g.

I rgacor 153 (Ele§A ds &lt I’llnal(ztllﬁé:odlthl 6“?‘ %eg ﬁf sfa%nlelszgrnéﬁgﬁcﬁgélg
benzi m dazolog aiewllt\laﬁum@§10®@lg unBayera ulélde\%@ﬁ%ti@lesBCM biocidal film
protection); (i) }ievehing 139G Uehoas ¢ &l ?rbqgcmg'ef% g' ymers
(e.g. EFKA 3777); (j) pigments or dyes suc | uorescents Roya

Pi gnent and n@ﬁeﬁalél&l@)ﬁ Lok rappganice Lana ci ﬁ@ﬁgéﬂﬁirévayé§e§uéheé§0ﬁ|ruor escel n;
and (1) Le\/\nb@pa@lp@@nw@ha@@ biet-hivums ¢hlsohde e oZi Ngucehhar i de, strontium
chl ori de, ge mc hl. oride an 15 alumnlgmchlgrld ~ The additive(s) are
usual ly pre Y AR RRGURCPEE R OPEd s SR Eh8UP 269 BASEA 6R the tot al

wei ght DF t bhieriaetiivatsi, osutheatyent-gacuthe (caphination of sol vent(s),

agent (s) and addit.i.ve 2P i hods form Oy
enbodi ment s of twhe\(p%zgenﬁgpgvgﬁtelklg% ?WFLT ﬁ% gg |o%a f] G‘Beﬁﬂsed in
conblnatlonﬁl@ﬁéﬂaé fellha@ene, N,N-dimethylamino eghylmetﬁucrylate,

methyl imidazole, NNN'N’tetramethyl-1,4-butane diamine and
NNN’N’ tetramethylphenylenediamine.

20 The multi-~functicrnal unsaturated species may be
selected from acrylates, for example, hydroxyl ethyl
acrylate; methacrylates, for example, polyethyleneglycocl
monomethacrylate, hydroxyl etnyl methacrylate, glycidyl
methacrylate, N,N-dimethylaminc ethylmethacrylate,

25 ethyleneglycol dimethacryiate and butane diol
dimethacrylate; and acrylamides, for example, hydroxyethyl
acrylamide and bis acrylamide.

Tt will be appreciated that the agents may also be
prepared in-situ from their constituent components. For

30 example, LiBH,; may be prepared in-situ from NaBH; and LiCl
and sodium methoxyborchydride from methanol and NaBH,.

The agent(s) are generally present in an amount more
than about 0.001%, preferably more than apout 0.01%, and
mest preferably about 0.01% to about 20% based on the

35 total weight of the activation treatment, or the



1. Surface reduction This nethod invol ves using a solvent and an agent such
as 25 a reductant, for exanple, lithium borohydride to cause surface
reducti on or break down of the organic coating surface. Wile not w shing
to be bound by any theory, it is believed that this nmethod provides
reactive entities or a suitable norphology to inprove inter-coat adhesion
with 30 further coating | ayers and/or other entities. Suitable solvent or
sol vent conbinations for use in this nethod "are, for exanple, ether or

al cohol based solvents and their conbinations such as dipropyl ene gyl col

di met hyl et hercaridi nsoprropanodoL vt ¢5)15 ageht Sur faee hydrolysisr This met hod

i nvol ves usi ng, & Os,e%lveégdﬂq]eaps agent such as a carboxylic acid, for

exanpl e, acetic aci cause surface hydrol ysis or break down of the
organi ¢ 5 coating. PMHidenal Mishng ¢ bendbounddsntamntheorygrdat is

beli eved t haty, i s method provides,d eactd e e&taglrﬁa Qr @ suitable

nor phol og% to inprove inter-coat adhesion wth further coating | ayers
and/ or er EHt§4% sy Suitebl®@akblwerit Bt s ictithi nations for use in

this nethod 10 aregnhd %ol&?@f@'n@a esd ef é)fsg?‘lrﬂ de,hasad $olyens, suah as
ethyl acetate or N-neth pyr r.ol | di none Surface oxi dation This method

i nvol ves usi iy d&'¥bI}%e %FncF%ln Hgeht ah 6 ity eTort exédhpl e,
trichl oroi soayaniriic sam\dar 15 t&mtsl@ Scwg‘aacte: @ dadriton of dyleaktdown of

t he organi c coat,i.n e, not to bound by .an the ry, it is
bel i eved thatcot%ltﬁls%rrte]t% derpoevr}&(gl\lleos rggectsiuvre Bt i'td |es§/or gya r<Sittabl e

mor phol 0§y t erimproce Gentqer coattcaadiresizormwd it lend umdlerdecaatt yd ayer s
and/ or other entiitd £s.,.Suitabl e 20 sol vent or solvent conbinations for use

inthis method are, for exanple, ester or anide based solvents such as

ethyl acetate or N teHyHC yrassid diciome: t 4.5 USiiy e & Excharsge s met hod
i nvol ves exp r,%/lOfacté’t%tﬁaoatﬂétq:r%ﬁJla%et?aiéM t&ut%zlf %%Qgﬂ;ﬂattéiaﬁ%whﬁltqﬁ
|nteract|ng Vi a transesterlflcatlon or ot her s(ésyvuth §U|table chem cal

functi onal i t Y SUcH Sas Ester Bhdior ufditidie ol iEe 46 Srodi f y
its chenistry or tcmog«ﬁpme§tscm:tt h‘&i mdtth i IMeromes kté‘tﬁbrient efsaoat: adhesi on

wth subsequent c at,j 30 Ia t hl. e sol v i_nations
i R0 Y S

for use in are,” exa e, $6l'vent s
and their comﬂtrhaftlt drﬁ@hst]feﬁ a@@q@r@mﬂ @(@@WGGOI d| met hyl et her and

i sopropanol or di prapyleng dlyeRlcn digmethylether 1ath1-0r aRANRxamdR e, 16
benzyl alcohel; alivhatic alcchcls, for example, tertiary

20 butancl, n-putancl, secondary butancl, isopropanol, n-
propancl, ethanol, methancl and cyclohexanol; and glycel
ethers, for example, those marketed by Dow under the trade
name Dowancl such as, ethylene giycol, polyethylene
glycol, diethylene glycol, triethylene glycol,

25 tetraethylene glycol, vropylene glycol, dipropylene
glycol, tripropylene glycol and polypropylene glycel and
their meonoethers such as mono-C:-_; alkyl ethers including
but not limited to those marketed by Dew under the trade
name Downanol E-series and P-series glycol ethers.

30 (d) ethers such as glycol diethers, for example, the
di-Ci1 s 2lkyl ethers of glycols such as diethers of
ethylene glycol, diethylene glycol, triethylene g¢glycol,
tetraethylene glilycol polyethylene glycol, propylene
glyccel, diprepylene glycol, tripropylene glycol and

35 polypropylene glycecl including but not limited to
diethylene glycol dimethylether, dipropylene glycol



5. Light induced photo-grafting This nethod involves applying an agent such
as a visible light activated free radical initiator, for exanple,
canphor qui none and an unsaturated species, for 5 exanple, acrylate or

nmet hacrylate to the surface of the organic coating in a solvent. The

i nfluence of visible I|ight causes free radical reactions to occur which
nodify the surface of the coating to inprove the inter-coat adhesion of
the further coating and/or other entities? 10 Suitable solvents for use in
this nmethod include ketone or am de based sol vents such as nethyl anyl

EEt one and Nyl eQ_%I’eI’IOHIdidrl@tgl.ylE:?.% sgu@&toaah@tfn?ﬂdtolmeyab@\t;ae&et hﬁds
aving an activated coating.,my be of any type including netals suc 15
as al um num® E8hdsi é?eéﬁgﬁxggegapyoﬁoﬁi%Pg%FéFhFoF5§§ee889$ or gl ass

rei nforced époxynodl dstsiecs esuchcad-spaligismodecoélkaseaser snsiuclycas c
polysulfidee%%gﬁgpg%k%ga%rteqq%%@h§b%ugg%gaining gl ass, wood or fabric.
There may al so be various "sub"” "‘coating |ayers beneath the coating 20
requiring reacti V&t GR1§ESh s&§otifel -€cHivat PYE r€catiingnelayers, priners,
:_HL er rrildit ﬁte Ihayezlrfs, a%ﬁl\é%ri%isogu@h a@nEbQQSh@Sia?@ &9atihag |taye|rs fmd the

i ke. ough pol yur et hane and, epgx ased coatings, . particul ar

pol yur et hane basé@xc CRGS2aPE F&ﬁﬁé&FF PHC 2§SWFFthQIGW8§P§P808¥Fhat

ot her or ganiteteeatilngs ety lbecactindat ed by the nethod of the invention.
When t he solventégnd a%ent are conbined and applied in the formof an
activation treatment "EAS may take different physical forms such as

sol uti ohl suspenginow,ied0 o xtwr éoxaerayokndemekbsitane pastecomeaonbi nati on
thereof. Tr n i t of sol uti.en i are
preferred. %ﬁg%ggt%3aﬁ?%%gﬁﬁg§%geﬁgl%%§qge(S?épé%eg*ﬁi.%%x?ﬁgg§%ﬁ§0d
conponent s tégét REEYWSERUaRy °Ri XBRE @atrprentekreWitte1n35 Phose skilled in
the art suchnas rbutenot il i metednt anst LEFeES, rshakarsonhi.gh speed m xers,
internal mxers, ; 17 | Iing m xers such_ as gtatic m xers, extruders,
mlls, ultra-sodnd Eﬁae§a§o VEpErs8rs. SWhen CRECHCEPvEFIoA StEFeaffent is
in the Tor meohya sckuticen, sthexgelkbyiloacraytcheiprepaped ascaacencentrate
and di | ut ed_bef,ore.. - 5. ptepar ready,for _use,  The. activatign
t r eat nent ofgﬁﬁgra5%??é§%¥0886 et §gt5§8er858Fec8%%8ﬁ8% sspﬁgrggf may be
appl i ed vi aranypylmerhod lkkewante thosglskinkledetnntherattysuéhoasybut not
limted to spraye ARESB- AbRPnyKNLLgy1bkadg,choge ohat Let, 40, pe, curtain,
flood, flow, mst, pipette or conbihnations. thereof. plication by_spray
i s typical . ©fhé"Ret hBat6f"a¢t i GatPEHehB§ Ber cBRBHEP@OCat afBPERPERCL,
t enper at@wr epuotnallt erpativelycatahbghendt eapenakuyesutfncl; ether

solvents such as C..¢ alkyl ethers or combinatiocns thereof
(i.e. mixed ethers) of ethylene glyccls and propylene
glycels including but not limited to glyme, diglyme,
triglyme, tetraglyme and dipropylene glycol dimethyl ether

25 and cyclic ethers, for example, tetrahydrofuran; amide
solvents such as N-methyl pyrrolidinone; and water.

Preferred sclvent combinations include glycol etner

acetate combinations such as diprepylene glycol dimethyl
ether : tertiary butyl acetate; ether: alcohol

30  combinations such as diproplyene glycol dimethyl ether:
isopropanol, n-vrecpancl, methanol, i1sobutanol, secondary
outanol, tertiary butanol, ethoxy ethanol and/cr
ethylhexancl; ethylene glycol monomethyl ether: ethanol,
metnancl, ethoxyethanol and/or iscpropanol; glycols and

35 moncether combinations such as dipropylenegylcol-

monomethylether, dipropylenegylcol-monobutylether, and/or



desirabl e. The activation treatnment or individual 15 conponents thereof may
be applied to small or large areas, to sections of |arger parts,
conponents or full infrastructure such as infrastructure associated with
the aerospace (e.g. aircraft), autonotive (e.g. vehicles), nmarine (e.qg.
ships), transportation (e.g. trains), 20 mlitary (e.g. helicopter,

m ssile) or construction industries (e.g. buildings, factories, floors).
The surface may have sinple or conpl ex‘géém?try or may be at any
orientation. Treatnment nmay be conducted once or nultiple tines prior to
interaction wiih:-dhel Separ i@l ; 25 eht | dymb The: BXpossientige of the
activation treatnment on_the coating is nore |linited by the throughput and
appl i cations TEqUAFENENT'S NS SUch- YR BXPostr e 1Y el nSAT bef SHERRY fHpe
exanpl e one miIydel ofimxtiepdethdor exampte 240 Hosstav ddmmpongdetsigent to
the integrity_of. t [ i c.,30 coating or.materi.als that may be found on
the organic Sclg%i |§n§ Iﬁ%%ﬁynia%msglal ‘%%T%r}gan%dh%x (?tr}wjrs]ga%%a??%gan e 0 es
and subst Pat ex1y Thee origani ot vwsitd Hyy heycetensd n aote vag ede v @l ibimone::
contam nat ed @EH’%I ot 4 or. @xj ended. peri ads, of time,ndn. oaifﬁzsc%%e e
circunstances, the activation treatnment can renove 18 contam nants +rom
the surface i HeRh t3 OO act i@t P Lt CoHts ng:nd teyy lal s et

preferabl e tocdeimye @XxCesS aget kandioOr treatdents soldid abfdiomdine s
surface. This, roc ess}? 5 may, be caonveniently carried out by techni ques such
I%at%’? r

as sol vent or' 151 gl dr Y Wt e DreEgl Vet Wb iRt 6 yas
kni fe, vacuum appliteatdnie ey al rd g aguesigee, pragd{torimat-uratowort for ced

convecti on evapor at.ion._,Opt.i I 4 he ter .or sol vent ed to renpve 10
excess agent la%’d? of 't &4t r'rJetn?éB:'oi% %%I o F oM The s%rrq‘ag“ceer ouffsnar} hagjocugcat i ng
under goi ng redtt i vatdtore e gntai In addianowst Floraexang & tto> exivarice t he

r efTPVf'i| pr 90@93.199'%)@@5%& he. ,-Q{e}’iﬂﬂ:éﬂ MRadi M reduce %H‘Jiqj%it%rbn Such
additives include but not limted to ionic and non-ionic surfactants, 15

det ergents, ami%dtFositn Qi TR And et i SRy Egents 1 AR RS bt hot
limted to those desard-bedtahows. sbhe taddidlives may al so include cleaning
agents comonly u%ed to clean qai_.rcj.raft su,c/h as, _but nq(:t Iin‘ij.te hto t hose
mar ket ed under t he tT ade ‘Manmes %otpTveeﬁ “flit'¢o, Jttfeeﬁ%ese, 20" Ri'dol i e,” For mul a
and Dar acl ear hy-conpay es:sudhsase Bradd nn Eife Ateddtreindoradt iAmeriicea,
MicDerm d, WR.Bac8 . MGeansRahen anddhnkel . Ahler Lhe geating surface
is activated, separate entities such as additional coating layers or
coating 25 det ai | s{@ladiexsi ey Seal dnitss;s griess irte IYERSIRYBFERYeC &195- Mol

| ogos, apd the ke gmy e appldred-Lilt her | mRdi atRl Aled afred | @ . tineg,
providing th%ﬁﬁ?%ﬁ.ﬁe@H,ngyﬁ volyhydroxycarboeoxylic acid amides (e.g.
Byk 405} ;

(b} film formers such as esters of dicarboxylic acid

(e.qg. Lusolvan FBH, BASE) and glycel ethers (e.g. Dowanol,
25 Dow) ;

(c) wetting agents such as fluocrochemical surfactants
(e.g. 3M Fluorad) and polyether modified poly-dimethyl-
siloxane {e.g. Byk 307, 333);

(d) surfactants such as fatty acid derivatives (e.q.

30 Bermadocl SPS 2543, Akzo) and cuaternary ammonium salts;

(e) dispersants such as non-ionic surfactants based
on primary alconhols (e.g. Merpol 4481, Dupont) and
alkylphencl-formaldenyde-bisulfide condensates (e.g.
Clariants 1494} ;

35 (f) anti foaming agents:;



predom nantly uncontam nated during storage or that the contam nation can
be conveniently renoved. The activation 30 solution nay need to be
reapplied in sone cases. Any suitable nmethod known to those skilled in the
art nmay be used to assess whether the adhesive |inkage between the
organi c coating and further coatings and/or other entities is fit for

pur pose. Such tests include but are 35 not limted to ASTM 1SO, and FAA
standards, in-house test nethods to simfl ate in-service per f or mance,
in-service - 19 performance itself, and durability testing either actual
or accel erated. Fgn theicaserokiaer espaea:-eoaticRgss bestpnAethedsebased on

wat er i npact,,_ suc S irling arm.and he.Si ngl e | npa Jet par at us
(51 5 (M oA (B B B0 82 bG8 bR Ragd BB T GG Bo SArtical arly
useful for basgessiiagoeilptenc¢oaticadhési enidl net hesérgases, 1tAeCIaApunt of
over coat reggﬁakrggzgggaﬁgghgglghe | evel of inter-coat adhesion. For
aerospace applicafions thé activation nethod of 10 the present invention
of fers the advantl&gesteblimgroveduchl ew berelifodathéeprocésstores

reactivatione greanor fepraduat bl bby apd.eQnshstengy,ouer Larger areas and
bet ween operators, and inproved ergonom cs of the process leading to

reduced vi brationtor PGt Bi 8CADEI 6HCBad8d T 150F AFar Pes " FefiE6fPI eting the
process of peaghivatiiengwhieRz added:together provide a net cost saving.
DETAI LED DESRIPTRCN CECTHEkABBB | ATI ONS 20 I? t he Exanplez reference wll
be made to the foflBwWFAG abbrévHEEr oRE I n Rhi ¢HOT 30°CAFM ARSHF ¢ For ce

M cr oscdpy PABPeAppkhdathomscaBAC: Boei ng Approved Col or BMS Boei ng Materi al

Specification 5, ¢ Cglgsi nLragi : ot hane HS F
Fahrenhei t 10 F Fal | FITR: S%p?L?ﬁigg%g%gfﬁ?%%f%grngthﬁzﬁkgﬁﬁﬁﬁﬁgh
hum dity ESS"Fi gh strength Steel 15 IC Internmediate Coating LH Low

Hum dity | PA |sopropasgls akiBESskibthbym berohydehds-: M L, Methyl anyl
KELONEs20 NEELQ?EQ¥[ g%pgktkg%oggloride, calcium chloride and
15 aluminium chloride.

The additive(s) are usually present in an amounrt of
less than about 10% based on the total weight of the
activation treatment or the combination of sclvent(sj),
agent (s) and additive(s).

20 Specific activation methods forming embodiments of
the present invention {(which may optiocnally be used in
combination) are as follows:

1. Surface recuction

This method involves using a solvent and an agent such as

25 a reductant, for example, lithium borohydride tc cause
surface reduction or break down of the organic coating
surface. While rot wishing to be bound by any theory, it
is believed that this method vrovides reactive entities or
a suitable morphology to improve inter-cocat adhesion with

30 further cecating layers and/or other entities. Suitable
soilvent cor solvent combinations for use in this method
are, for example, ether or alcochocl based solvents and
their combinations such as dipropylene gylcol
dimethylether and isopropanol.

35



MPK Met hyl propyl ketone Mh Nunber average nol ecul ar wei ght Mv Wi ght
average nol ecul ar wei ght MV Ml ecul ar wei ght 25 NBA n-butanol NPA

n- propanol NPZ tetra-n-propylzirconate NBT tetra-n-butyl titanate NPT
tetra-n-propyltitanate 30 OH&S Cccupati onal Health and Safety P Pass PACCS
Pre- Appl i ed Conposite Coating System Proglyde DW (abbrevi ated, proglyde)
di propyl ene glycol dinmethyl ether 35 RH Rel ative Hum dity SEM Scanni ng

El ectron M croscopy SIJA Single |Inpact —Jét Apparatus SOLO Spray On -
Leave On SOAND Spray On - Wpe Of 40 SOHO Spray On - Hose off SS

Stainl ess Steel tBAC tsdmuftayde akc;aimleys'l'fsAZ tri ethanol am ne zirconate THE

Tetra hydrofuran TPT tetra-1so titanate lin ArmRaln

Erosi on W % wei gﬁLt% perT(:eet a%e @%ﬁusﬁ%t oesl’%Jc\feEELh aéb%c?rf‘ - 21

DETAI LED DESGRIPTICN EO—‘C?:TI'IHEDQF&AW NGSLd n IEChIe Eeampl @S, acr@tfﬂsrarcmmd: | be

mde to the Aaccomanying, danngs 1o ghidise Kanree Lis phategaphs
a oX

showi ng the inpact on dlfferent I de m)dl yi ng agehts and
concent r aPi orf&H-111%Nt eritiolst *H%Fhé@r%hl”q Ba%é?%dmd'lﬂbl-hsf BACT 08481 \G2. . Base

cure conditi oy ﬁ&me@&p&ha@@ﬂs Q{@ih&paﬁrom%c&ve Querqcoat gure:
4 days, 120 F, 10% RH. ); 10 Figure 2 is photographs show ng SIJA I nter-coat

adhesi on. (Baselicot ¢ DS IENCTOB46-C CIIP B lired <ot 131 S ish, W1 dpOF,
- 8URH. Wer-c@ﬁiuh&@ﬁﬂi&g Qa}%&_@f}’ -GOBlo CWiie @ erdaysi d20F, 5 L0%RHY ; 15

Figure 3 is ph aphs ) OWI act of _nodi fyin agent dwell tinme
on over-coat &t e5| ‘or’ et of OmeiN( rbsoaﬁ 715@291% ség“ Cgase cure
condi tiohf lGire,120F ez»&%%}-le Qﬁ&rteczoain BACFH) IGFF e sOvarntcoatudurass 4 20
days 120F, 1Q%gH) ;K £ 4 s n@(]ﬂ@ gr hﬁm&% the prelimnary stencil
i nteraction resuyts and correspondi "JA a esi on.

3. Surface oxzdablon

This method involves using & solvent and an agent

such as an oxidant, for example, trichloreoisocyanuric acid

15 tc cause surface oxidation cor break down of the corganic
ceating. While not wishing to be bourd by any theory, it
is believed that this method provides reactive entities or
a suitable morphology to improve inter-ccat adhesion with
further coating layers and/or other entities. Suitable

20 solvent or solvent combinations for use in this method
are, for example, ester or amide based solvents such as
ethyl acetate or N-methyl pyrrclidinone.

4. Surface Exchange

This method involves exposure cf the coating surface

25 with a reagent capable of interacting (via
transesterification or otherwise} with suitable chemxical
functionality such as ester and/or uvethane moities or
otherwise to modify its chemistry or topography such that
1t imoroves the intercoat acdhesion with subsegquent coating

30 layers. Suiltable solvent or solvent combinaticons for use
in this method are, for example, ether or alcohol based
solvents and their combinations such as dipropylene gylcol
dimethylether and isopropanol or dipropylene glyccl
dimethylether and n-propanol.

35



(Base coat: DHS BAC70846, C2. Base cure condition: 16h, 25 120F, -8%RH.

Modi fyi ng agent dwell tine before overcoat ?h. Over-coat: BAC50103, C.
Over-coat cure: 4 days, 120F, 10%H.); Figure 5 is photographs show ng the
prelimnary stencil 30 interaction results and correspondi ng SIJA
adhesion. (Base coat: DHS BAC70846, C2. Base cure condition: 16h. 120F,
-8%H. Modi fying agent dwell tine before overcoat ?h. Over-coat: BAC50103,
C. Over-coat cure: 4 days, 120F, 109@&0 35 Figure 6 is photographs
showi ng the prelimnary water soak data: 3x applications each of nodifying
agent systemin 5 22 1liBA: ((Base<go hot@nggﬁgzq 46 C2 Base cure
condition: 16h. %ZOF -- C. Over-coat cure: 4
days, 1207, 109RHM)S @erﬁaré“VO a§h8ﬁFﬁg SHFSBEC?t r eat ment
sol ution apphsoaﬂeoolohtseemowbobetEeee andipremasktdoapopdtgual ity (Base

coat : d , F r-coat:
m| DHS BA%%‘%%%Q cgém&lgﬁeéggﬁgu%gebéboggSﬁéﬁg\?g%g i%ﬁgleizo % 10 b)
Effect of s6KRERLecoABINABILENOSNTSEEAEEY 1RERL &P char Buys aeﬁppﬁyLng base
coat (DES BAQZAB46, -CAtWhhhigUEesoeeRdLti 00 o16R1L2QEe o@ABH%lmed'fy'ng
agent(5m¢96NP SOLOw th dwell tinme 1h), and over-coat (! DHS
BAC50103, Clwifth EarecohndPei 6AbER6r ECPERDYEF: L%OﬁﬁurlBhaﬁBl BREYEVe)

| mage qual i theeﬁnP@MbQQOBOLﬂﬁdehﬁﬁthBoagﬂﬁﬁ:oQé 5\M%1nNEZ goploying a
20: 80 NPA: Prg de conbi at%on gBase co DH§ BAC70846, Base cure
condi i on: 30741 68 6F AP, TCTS0RT GOREY&IGARL/ 9575505 RECESLARGT| coat:
DHS BAC/®1 20 Beack, s@2v¢nt5|guteulel$nphbt9gmabhsdshﬂ@LﬁgeSREtbﬂeadheSiOn.
(Base coat: 8 c d 0 8y 25
Figure 9 is pﬁﬁgoggg%% e ggfﬁachggc?E Fﬁgé ol %b%ga eS|on ase coat .
(DHS BAC70826Lhg2. pzmrele@hdpﬂﬁons 16h 120=", S%RH Over-coat: DHS
BAC50103, C2, 1nirhe %egtrgeet £GUI 5 ADL BB )i 1 SEENGhY Ryl LnTime (mn)
Scribe Test Tine %h% 30 2 60 3 90 4 30 Figure 10 is photographs
showi ng SI JASiFhtére oaeaaaﬂesweﬁ D?DE% %?Boébp%aFﬁ?}udbﬂgem%BﬁHFt?%ﬁ% as
i ndi cat®ed. &s231ukigune &d\frstDh@bOgﬁ@@hésSB@h‘\b@@ GDEF@Sj@@ﬂﬂf@gcéM\RE

results to Flgure 12: .cure conditions as |nd|f
§lass reIinforced epoxy; aSthS such as

polyimide; elastomers such as polysulfide elastomers; or
materials containing glass, wood or fabric. There may
also be varicus “sub” coating layers beneath the ccating

20 requiring reactivationrn such as other decorative coating
layers, primers, Intermediate layers, conversion or
anticorrosion coating layers and the like.

Although polyurethane and epoxy based ccatings,
particularly pelyurethane based coatings are typical, it

25 will be understood that other organic ccatings may be
activated by the method of the invention.

When the solvent and agent are combined and applied
in the form of an activation treatment this may take
different physical forms such as solution, suspension,

30 mixture, aeroscl, erulsion, paste or combination thereof.
Treatments which take the form of a sclution or emulsion
are preferred.

The activation treatment may be prepared by mixing
the compenents together with any mixing equipment known to

35 those skilled in the art such as but not limited to

stirrers, shakers, high speed mixers, internal mixers,



Figure 12 is photographs showi ng SIJA inter-coat adhesion 5 (OHS CA8800
paint); cure conditions as indicated. Figure 13 is photographs show ng SIJA
i nter-coat adhesion (Eclipse paint); cure conditions as indicated. 10
Figure 14 is photographs showi ng SIJA inter-coat adhesion (DHS CA8000
paint); cure conditions as indicated. Figure 15 is photographs show ng
Wiirling Arm Rain Erosion data: 15 Mdification agent (al koxide): 5w % NPZ
in 80% PA: 20% proglyde;. DHS CA8800: Ba&gCGat - BAC70846, CTR Thi nner,
Overcoat - BAC70281, CTR Thinner. 20 DHS CA8000: Basecoat - BAC70846, C
Thi nner, Oveircchate -mBAFO75uC Thd et i c Belipse, Basecoats, BACTH846,
TR109 Thi nner Overcoat .- BAC/07, TR109 Thi.nner., Base coat. cure

condi tions as ]l"tnlzl c%?%r%.f D %%Satglcsu?%rs%%%dit S COF Ay st W - A%0F; Figure
16 i s phot ograptstsdion g MARE@af@rmise g DHSL 1 B0CAS80H palintica)Bagsecoat

- BAC701 G a yvarl t.hi nne .condi ti X - 4h,
120F, 189RH %%?—%AFPQ%O%}RI—T s et R Rt Y e hihner
Cure co 35 fmBEied20rdbh)f Baservat - BAC707 Gray W varied thinners,

Cure conditions: ShOyede Qo GheadROR 8RR B N5y JOWH - 24
Overcoat - BAC51265 Blue w CTR thinner, Cure conditions: 4 days, 120F;

Figure 17 i s pHotoidtHphs” SHRAHY MR HRRA. M 4)° Bgecdt v DHscAs800
BAC70846 Wi tree i o CTIRdvhi ners hosRursk Consti tironsie 3Gy cdies ofs 4 120F,
18%RH + 8h, 75Fditzﬁ7§9%?H' Modi fi.cati onégigﬁgnts (al kgxi des) . 5Z-601: 5wt % NPZ

in 60wt % | PA ‘and 40w ' progtXde’ T Tl on 5 6 9 B0 o6 NPA Hnrd

40wt % pr 0§l ydeipe Oxerdoaitn - DHYCASB0D BACE28 I iGratyt ev/o XCTRrtthi minteirgn<Cur e
o b o B 120 P e 5 1P, GO BACT0R00 W te
129H. Modi fi cati Orﬂﬁgérrﬁ@f(célmﬁ))ﬁ@eis‘?ati@ 601y BmMIBNRZ et 60wmad RPAtand
40wt % progl yd&mpdZr:60ns s W %INRE-f 4t 6wt Y0 NPA, and: A0 pr00] yde. ; +

Over Foat i D|_c|ises:Lr8%oloe .BA%ZQOJ accajrtaiyvavyli oc1;1 tthri enant%e’ ntcuor re incdoinvdii otuiaolnS: 4 days,
120F;

15 components thereof may be applied to small cor large areas,
to sections of larger parts, compenents or full
infrastructure such as infrastructure asscciated with the
agrospace (e.g. alrcraft), automotive (e.g. vehicles),
marine (e.g. ships), transportation (e.g. trains),

20 military (e.g. helicopter, missile) or construction
industries {(e.qg. bulldings, factories, floors). The
surface may have simple or complex geocmetry or may be at
any orientation. Treatment may be conducted once or
multiple times pricr to interaction with the separate

25 entity. The expcsure tTime c¢f the activation treatment on
the coating is more limited by the throughput and
applications reguirements. As such the exposure time may
be short for example cone minute or extended for example 24
hours with no detriment to the integrity of the organic

30 coating or materials that may be found on the organic
coating such as sealants, and underlying coating
structures and substrates.

The organic coating may remain activated in a non-
contaminated environment for extended pericds of Time. 1In

35 scme circumstances, the activation treatment can remove



20 Figure 18 is photographs showi ng WARE data. a) Basecoat - Eclipse
BAC70846 Wiite w TR-109 thinner, Cure conditions: 3 Cycles of 4h, 120F
18%:H 8h, 75F, 70%H. 25 Modification agents (al koxi des) 5Z-60i: 5w % NPZ
in 60wt % | PA and 40w % pr ogl yde, 5Z-60n: 5w % NPZ in 60wt % NPA and 40w %
progl yde. Overcoat - Eclipse BAC/07 G ay w TR-109 thinner, Care
conditions: 4 days, 120F; 30 b) Basecoat_ - Eclipse BAC70846 Wite w TR-109
Thi nner, Cure Conditions: LH or HH (Séél%eTomb. Modi fication agents

(al koxi des) 5Z-60i: 5wm % NPZ in 60wt % | PA and 40wt % pr ogl yde, 5Z-60n
5wt % NPZ i n caOmt%iNBA rand -4t Hepsagliyde. 135Qderceat to Eekipae iBAC707 G ay
W TR-109 thinner, Cure conditions: 4 days, 120F. - 25 Basecoat Cure LH
4h, 120F, 3986 ¥°8h'TF5F, 120 RH for 3 cycles, Basecoat Cure HH 4h, 120F,
18%:H + 8h, 75F 7Q%RHf arls2 ker p3edyckese SocyreBaseceatessEebepse BAC70846

VWite w TR L Ba t. r-€ - LH_.or ee l. Qw)..
Mbdi f i cat | oﬁ@gé% Lstr}%glblg‘c?)%ibd%g)ﬁg%Sf%g?PmS\h‘F% RBITACERS BEL ke ocesso e 0
progl yde; BEY60R: CHBWEINPE Ll 60wrdENPAuaNdY40WCYs proghydechl@sOver coat -
Ecl i pse BACE%Zv@E%Yo%/w-%é%ogih@ﬁﬂﬁ?rdrgur%at%Qngktbgﬂ§énﬁ gaysnql120F.

First TC Cure LH 4h, 120F, 3%RH + 8h, 75F, 129&H for 3. cycles,Elrst TC
Cure HH 4h31f20E, SE§uA +e8hVaPEET POURLCATEEF 2T 6FO52¢y EYe§IUE5IRPGUre 19
Basecoat - BHS/CA80Q0uBAC7Q846 Whictie cwhvecthbAnekapGureioceondi tions as

i ndi cat ed. Nbdifi5

aLLonﬂ; enk% (alko§idgs% i th BQ'ningterdmell: 20
5Z-60n: 5wt % NPZ °h 600 % NPA &nd 246w % p 831"?88, Us93 BBn S5 NPZ i n

60wt % NFA aﬂdC¢@wﬁ%@pnogbmdép; 8Ze80nen8WsL NPZonn L 60w ¥hnMPAualidc40nt %

P EACh004 BIie i FH B o e A TP sy S Th 205 FhT rer
Sky- Hul | 0 FEWZ] PXamgQeBEO0&NBRIEWENESTOB0YaTypEorEEs, t hpehéy: t30 Figure 20

i's photographs:showing,tBe shelitel Lher-gt: ARt al g ahkeyiide; rgact iuatian
treatment sol utions on adhesion. Figure 21 is graphs_show ng soak and
recovery exBé#iﬁ@ﬁt%lm&§ﬁﬁg“BNBSDiEZaFBoP9§GFPPa§)S%éaﬁéhFFté) Wi ght

change,15 detergents, anticorrosion additives and wetting agents
such as but not limited to those described above. The
additives may also include cleaning agents commonly used
to clean alrcraft such as but not limited to those
marketed under the trade names Isoprep, Turco, CeeBee,

20 Ridoline, ZFormula and Daraclean by companies such as
Brulin, ELf Atochem Worth America, MacDermid, W.R. Grace,
McGean-Rohco anrd Henkel.

After the coating surface is activated, separate
entities such as additional coating layers or coating

25 details, adhesives sealants, pressure sensitive decals or
legos, and the like may be applied either immediately or
at a later time, providing the surface remains
predoninantly uncontaminated during storage or that the
contamination can be conveniently removed. The activaticn

30  solution may need to be reapplied in some cases.

Any sultable method known to those skilled in the art
may be used to assess whether the adhesive linkage between
the organic coating and further coatings and/or other
entities i1is fit for purpese. Such tests include but are

35 not limited to ASTM, ISC, and FAA standards, in-house test

methods to simulate in-service performance, in-service



35 b) Vol une change and c) Hardness change; - 26 Figure 22 is graphs
showi ng soak and recovery experinents wusing BMS1-71, CL (EP:R) el astoner:
a) Weight change, b) Vol une change, and c) Hardness change; 5 Figure 23 is
graphs showi ng soak and recovery experinments wusing BMS1-71, CL2 (Silicone)
el astoner: a) Weight charge, b) Volune change, and c) Hardness change;
Figure 24 is graphs show ng soak and recovery experinments 10 using BMS1-57
(Silicone) elastoner: a) Wi ght change,"b)l9 Vol une change and c) Hardness
change; Figure 25 is photographs show ng i mages of elastoners and seal ants

on recovery; dérfoguecebitseds graph @ntkphot ograpds: show Nige  naes g on

results for titani u Figure is_,a graph and phot ographs show ng
i mersion 207 esut rTise %%3024 %Y bere A [?ﬁ‘?#]tﬁ]%?—?%%‘?% 1 5%° grapht and
phot ogr aphs showads i vmeesi on wvaesul trspdor, 20240 1:8s ohradr &l i anrungn@5
Figure 29 is r§ggb OgFaf oy [ | re for high
strength steé??%Figyr%ggaﬂgggaqgggg%nZﬁﬁﬂ%ﬁ%tggﬁ%%ﬁgggﬁ%miiéﬁéﬁ%brsion
results for StHIN €53 stERl, BOF kR BUnd phdtdgaphscshom ng:sahdw ch
corrosion resdi tfsasd X dmegni £ catdon @k Py 10xrregni £d catdon: +Figure 32
is a graph and photograph showing imersion 35 results for BWVS8- 79
conposi te mat@FTHlt Fi g I3 T - A Yrapht Bnt phot ©dgraphshidislg $imer si on
results for BME&rR2brLconpoasidemmterial; - 27 Figure 34 is a graph and
phot ogr aph shomﬁnq?innersion results for BN§§;256 with Metlbond; 5 Figure
35 is a graph and photBYrapiF Showing THerET on' rdsut 1% 1ot 2976 Wi t h
SMBO5 cofrpositties matasyaral ;1 nErguren 36 Tara draw dg: randyghat ogimgphsysshow ng
t apel i ne exper/] t s r and treat i th varjo di fication
agent fornulgﬁf%ﬁ§¥5%i§#%£t%%§ﬁgﬁa gf%p §ﬁ%ﬂ¥%@niﬁ%g%t%%ﬁ%§%¥gur shift for
DHS BAC70846 tGreated: 4t 1 h-fard sl 3odi Ty oV agemass aistaowetd coat ed
fol |l owi ng accalierat:edQAxpasive %Qpridrlgﬁgaxﬂe'ii 10 A W1A6Q, i elial ine, ds 5
specinmens left untreated apnd Figure 38 is a drawi ng showi ng the |ab col our
shift and systEmiked tFHTVe RIAEE D0 Ffure 36 i pHG Girishs
show ng YWARE idafia:i Baseooatomp IHS fGASSR0 BALHY o fearea iyt itdi nnerch Cure
Condi tions: 3 heat .cycl.es (4h, 120=, 18% RH and 8h, 75F, 70%RH).

adﬁe# L&%ﬁ?ﬁﬁ%?%ﬁﬁ ﬁb&eﬁw%%%y&EVLHg.

Modi fi cati on agen

DETATLED DESRIPTION Or THE ABBREVIATIONS

20 In the Zxamples, reference will bpe made to the

following abbreviations in which:



25 Post treatnment of Modification agent - none or tack rag Overcoat - DHS
CA8800, white or blue cured for 2 weeks at anmbient -72F, 35% RH, Figure 40
is pencil hardness data for specinens |left 30 untreated prior to overcoat
or treated with the nodification agent prior to over-coating both prior to
and followng 30 day i mersion into hydraulic fluid. Figure 41 is Gardner

| npact adhesion test results 35 enpl oyi g no nodification agent or 5W% NPZ
al koxi de in__isopropanol. (Base coat: CA8800 BAC3613 Yell ow, CTR

thi nner. BagéMcure Cond|t|§ﬁ0”3CCYQF§§ Yf caprecoPPOF, - 28 129%RH & 8hr, 75F
36% RH. OveRPdoat: DHS CA8800.vari-éuss colors, CTR thinner. Overcoat Cure
condi ti on: 2AWeeks anbiean?ngEXANPbESdTﬁelbmvention w |l now be

descri bed wigM8 reference taoethg MekkewengSpenikineting exanpl es. Al t hough
t he exanpl es concentrate agaleoati ngs derived from pol yuret hane

chem striesciit will be undensteod that the sanme activation 10 net hodol ogy
coul d be applied to coatingsnsuehrasibdt not limted to those based on
epoxy, acryhie, pol ycarbongkgs-hQhepokyester coatings through the

appropri atepchoi ce of sol ye Hggqhejﬁgent(s) and optional additives under
appr opr te actlvatlon condlt ons 5 The specific "substrate" the

pol yur e Egpcoat IS E |ed t i S not rel$vant hence the substrate
can be net FtCeg. al unini EerpFa fRESERE™ pOFyfAfHe), conposite (eg.
carbon fibré reinforced epbX¥§<or glass reinforced epoxy) or an el astoner
(eg. pol ysuilfi de el ast oner }13fh8u26dstlstrate may be finished with

surfacing nmaférials, filnslilgd| a5tBREES BF<ebati ngs. The pol yuret hane

t opcoatll ayéF whi ch requireéstersadipvat foAthny have topcoat, intermediate
or primng LHayers beneat hLo¥ andidgain these | ayers are not relevant. 25
Typi cal examphes of buil d- Upspenphoyéd in the aerospace industry include:
Al um ni um substirat e: cl eanedihsunfaseopyepased with anodi ze or conversion
coat, epoxyvhased primer(shethopthepal kycsekectively strippable
|nterned]ata 30 coating IaM@fhy@ngtpp yueethane topcoat |ayers. Epoxy
based conpogpke: surface pugepayedielganed, epoxy based priner(s),
optional Iy gelectively StKuPBéplﬁvéﬂg

Eredi gk, goatLngs Laver,  and
pol yur et hang, ,t op-coating | pé vailon, i@@tnent solution is
desi gned |nMWsuch a way th@&l % % ? "under | ustrial - 29
conditions and the |ntegr|tyb substrate" or coating

NPA n- propanol
NPZ tetra-n-prepylzirconate
NBT tetra-n-putyl titanate
NET tetra-n-propyltitanate
30  OH&S Occupational Health and Safety
P Jass
PACC Pre-Applied Composite Coating System
Proglyde DMM (abbreviated, prcglyde) dipropylens
glycol dimethyl ether
35 RH Relative Humidity
SEM Scanning Electron Microscopy
SIJa Single Impact Jet Apparatus
SOLO Spray On - Leave On
SOWO Spray On - Wipe 0Off
40  SOHO Spray On — Hcse coff
55 Stainless Steel
LBAC t-outyl acetate
TEAZ triethanclamine zirconate
THE Tetra hydrofuran
45 TPT tetra-isopropyltitanate
WARE Whirling Arm Rain Ercsiocn
Wt % welght percentage

XES X-Ray Photecelectron Spectroscopy



| ayers beneath the pol yurethane coating which is wundergoing reactivation
are not adversely effected to a point where they are unsuitable for their
i nt ended purpose 5 by interaction of treatnent solution which may

i nadvertently cone in contact with it for short periods. Exanple 1

Hydrol ysis Surface Activation Method The exanpl e denonstrates that inproved
SIJA inter 10 coat adhesion relative to untreated specinens results from
activation of the coating prior to overfbégtrhg. I nter- coat adhesion

provi ded in thESATEBER DESSRIPIrAONt OF THECDRRWENGSacti vated by sanding. 15
Example 2 : Oxidatign r Activation Method, The exanple d nstrates

t hat i nproved SIJA??ang-Eggﬁ ‘géheg%%ﬁr?gthF%%Itgeuﬁ?ggaggdgg%ecinens
results from aactinpativengofireengeathnghpehor to over-coating. Inter- coat
adhesion provided in this case is simlar to 20 speci nens reactivated by
sandi ng. Exanple 3 : Reduction Surface Activation Method The exanple
denonstraties thavrenprovedhSEoarinkher shevandathesivnRaeel ati defferantreat ed
speci mens resybtsifhoRbx28caabkvalinR QLethe §0a8t ERY-PREOLLEOnONES - COati ng.
I nter coat adhesion provided in this caSe is simlar to_specinens
reactivated by'S3harng- EXBRPIe"4 (BRFGhECRndutBd phot BE§Paf t¥ ng 38ff ace
30 Activati oncivet hodndheiexanpte, denonst +atRs. t habriopaovedaSEIACRNt el -
coat adhesi on 5g£§tég§ égrgntgeggeg sgggigenf re Hl s from activation of
the coating prior to over-cbatingy {nter- toat "adhéesion provided in this
case is Silmilar to 35 specinens reactivated by sanding. - 30 Exanple 5 :
Reducti on Sur ctivat] T eppnstrate i oproved
Scri be green ﬁggﬁgéi%n¥€p¢§§F%§%$ﬁg? %@%g?ﬁggéggng§h§£dgé?ﬁggﬁgéi#ﬁg' t ape
renmoval ) rel atbgectecynt r eaf edASpeef menSlr eBapescironssndctivati ohhof the

coating prior 1.@@FPVE§%§@?t@)@Qr—&8£€F'B&@@@l%ﬁi,heéi. Odﬂv@ffr\!ééi@dcﬂzﬂeF hys case

is simlar to, specinens reactivated by sanding. Exanple 6 : Reduction
Surface ActivatYon f8thot® 18" stti pping study indicated that coatings
reacti vated by surface reduction nethods strip quicker than specinens

sanded prior 1o _overscoatjing. bug_s| [ _than t] . OVer - d_w t hout
Croatment. 15 CIANDI b 7 s B Hened” or surs actotsent 2rrS T EnEat
Resul ts indi catert hdwe bl hi gherospecefiecogonmdibeitPoroerocsuriate energy
results (y?), ggéé'&&é@r | ¥n§ OnReF H AEES cACthyAL ed v thLhe faduct fon
strategy. 20 anples 9 to 33 : Reduction Surface Activation Mthod
Exanmpl e 34 Sutf@ke MiRVatPonr Meehod WhE P Exehangevagentat cure: 4

20 days 120F, 10%RH.);

Tigure 4 1s photographs showing the preliminary stencil
interaction results and corresponding SIJA adhesicn.
(Base coat: DES BAC70B46, C2. Base cure ccnditicen: 16h,

25 120F, ~8%RH. Modifying agent dwell time before overcoat
?h. Over-coat: BAC50103, C. Over-ccat cure: 4 days, 120F,
10%RH. ) ;

Figure 5 is photographs showing the preliminary stencil

30 interacticon results and corresponding SIJA adhesion.
(Rase cocat: DHS BAC70846, CZ. Base cure conditiocn: 1léh.
120F, ~8%RH. Mcdifying agent dwell time before overcoat
7h. Over-coat: BAC50103, C. Over-coat cure: 4 days, 120F,
10%RH) ; '

35
Figure 6 is photographs showing the preliminary water scak

data: 3x applications each of modifying agent system 1in



25 It is envisaged that suitable conbinations of conponents of the
activation treatnent will differ depending on the type of coating to be
activated. The appropriate choice of solvent(s), agent(s), optional
additives and inerts, and activation conditions will 30 differ depending on
the type of coating to be activated. General Experinental Detail Painting
Condi ti ons and Protocol Spray painting of many flat panels was carried out
35 enpl oyi ng a Yamaha robotic painting “aff i ncorporating a gravity fed

Bi nks Mach mmutmem@maw}mjmmmazgwm Visdde ac9% rtnzrzdle;lcSpray

pai nting was; gonducted usi N pr f 40 PS can rate of
100 mm' s and‘é;h- %6 spem%n 07 u%o%ﬁ’ stﬁ@éﬁ@?B&O CF The ?oa‘il ng

t hi ckness whsdzont rotled b@ﬁthe ,gun s fluid needle control position and
scan rates. These paraneters were adjusted in line wth paint thickness
measur enents_and assessed using a 5 Fischer |soscope (MPOD) on al um ni um
substrates. WS coat’ it Vedd cOMp et i conposite substrates, the

coating | aygr gm@kmm esdinated ypcalddrat ian s itihe oi:soscope
readi ngs from um ni anel s, An anal ogous strate Jaye for the
appl i cati on of Fh?ael?ﬁ?%fre SO 519 ‘onal 1 et et ar ﬁ‘agnoaﬁ%ﬂg ers.

For the najasd ycm)zfe td:tmc&xtalrmi s, 6t he? Pai SR 1 10w :weraes tov e -midoatssd

foll oW ngtapiog, 191 ough Ui mddle 1. g GoUPAN.. LN Wi v g ape

(#471) to forma %lnt edge on Fenoval e was
target flor IVATSiagle” 1@3?@&&@@11%@%)5%% letpr a:;iqofautrytu ng
of curved Oreqlﬁ&%nosurhfa?s%esc&ﬁg Rt %A@f{%%‘@on doi)i8)h ?].%dresorre of the

smal ler flat panels was _typical y conduct ed using a Bi H HVLP gu

configured G#tH &Y% nddz €2 CocadiEhhli )WOdeiLfsMJiﬁg &I GrialAvthg ANed HVLP 20

gun or a pregamueqmt dved HVL:R Qum Was: rits @bre At dh€SE micases; t he al um ni um
or conposit edlnthe sane,, nanner as the fl at p:’]aét S prior to

the first t coa“t ﬁ“gta{\pﬁhireed CES O EETHE oFTIHE Fi dat i ng
| ayer ftlhe fardniterof) fthe foils were masked (Int ertape Pol ynmer 25 Group,

PG 777 tape)c pr%l’ d Qiuo‘vl%rt céargdlqultn% VG?O%@ di;ng, %%ge%to%q’e 5J\.

over-coatin V\B.S a r eno I’ otocaols were cfer t aken

in a conput ef*? (?@rﬂlrwll% 2 @r@pegroatht?rpe Hindldicey C@HW@rthé?udﬁfaé§ @O@G

Ther mol i ne B roneydaal, cchagdher caﬁ@/ QorRiGaRyentd enall . sCWH ng-oven. Tabl e
For the majority of the exanples, the

: Paint Dlnfor tio
coatl ngs uglgd?%&lr'e ‘ﬁ}%te% %at’ol eoF. B (hErexaniices, phicntAcdMRani es are
general By alireezd atied:) ;PRC- DeSot o | nt ernati onal : PRC- Desoto

Figure 8 is photographs showing scribe adhesion. (Base
coat: DHS BACT70846, C2. Cure condition: 16h, 120F, 8%RH.);

25 Figure 8 is pheotographs showing stencil pull & scribe
adhesion base cecat. (DHS BACT70846, C2. Cure conditions:
leh, 120%, 8%RH. Over-coat: DHS BACS50103, C2, 1mil. QOver-

ccalbl cure: ambilent.);

Stencil Pull Time (min) | Scribe Test Time (h)

5 1

30 2 |
60 3

g0 4

30
Figure 10 is photographs showing SIJA inter-coat adhesion
(DHS CAB000 paint); cure conditicns as indicated.



Akzo- Nobel Aerospace Coatings: Akzo-Nobel - 32 - Table 1 : Paint Material
I nformation Priner |Internedi ate Topcoat Coat 5. Coating Epoxy based
Internmedi ate PRC-DeSoto priners coat that is International: suitable
sel ectively Desothane HS, for strippable conposite Akzo-Nobel 10 or
Aerospace alum nium Coatings: Eclipse, based aerospace Deft Cheni ca
conponents Coating 15 Conponents Base: CA8000/ BxxxxxX such as

CA8000/ B70846X Activator: CA8000B Thinnér I: CA8000C Thinner 3:
CA8000C2 Or MBasere CABSD/MByyyygraActs vatorindCASSMYS pdid ine i ZARFCA8800OCTR

Thinner 2: CA880QCT . Thi; 5. 0 o : . XX, such as
ECL- G 14 (BATC?OS%%F Tur’ gesgl:' SR RANe L P TR-112;

Sky-Hullo FLV-11 Base: 900YYxxx such as 900BLO04 (Bl ue) Curing Sol
900X001CAT Tﬂ‘h_:jd‘l{‘ﬁi 14 SO ot Adphrs FhoNat ste fﬂﬁé@%@é@%&@ﬂ&p C
0

and C2 arg use indicate the relative rate at which the paint cures.
(DHS CAB80U paint): cure conditilions as indicated.

#igure 13 is photographs showing SIJA inter-cocat adhesion

(Eclipse paint); cure conditions as indicated.

10 Figure 14 is photographs showing SIJA inter-coat adhesion

(CHS CABCOO paint); cure conditions as indicated.

Figure 15 1is photographs showing Whirling Arm Rain Ercsion

data:

1> Medificaticen agent (alkoxide): 5wt% NPZ in B80%IPA: 20%
proglyde;.
DHS CA8800:

Basecoat - 3ACT0846, CTR Thinner,

Cvercoat - BAC70281, CTR Thinner.
20 DHS CABOCO:

Basecoat - BACT708B46, C Thinner,

Overcoat — BAC707, C Thinner.

Fclipse:

Raseccat - BACT0846, TR109 Thinner,
25 Overcoat - BACT07, TR109 Thinner.

Base coat cure conditions as indicated. Overcoat cure

conditions: 4 days at 120F;

Figure 16 i1s photographs showing WARE data using DH
30 CA8800 paint.

S

a}Basecoat — BAC707 Gray w/ varied thinners, Cure
conditions: 3 Cycle Cure - 4h, 120F, 183%RH + 8h, 73F
TO%RA.

Overcoat - BACT70846 White w/ CTR thinner, Cure conditions:
35 £ days, 120F.

b) Baseccat - BAC707 Gray w/ varied thinners, Cure

cenditions: 3 Cycle Cure - 4h, 120F, 18%RH + 8 h, 757,

TO%RE.

C



thinners - standard cure rate with C2 producing a correspondingly faster
cure rate (fromincorporation of 5 high catalyst levels into the thinner).
For Desothane CA8800 CTR is reduced rate, CT is standard rate and CT2 is
fast rate cure thinner. For Akzo-Nobel - fast cure thinner is designated
TR-112 and standard thinner TR-109. 10 Painting Conditions and Protocol
Substrates were cleaned prior to primng and optionally where appropriate
treated with an al odi ne type conversi on 2%¢oating or anodi zed. Pol yuret hane

topcoats, i phenrmRdi-ate zand1prEsNBNukayer $TWerke inkar xed-andnappkibad:
accordlng tg the pai @ manufacture instructions. Primer: Typical
condi ti ons: “ PSCDH% $i'te or al umi nium application of common 20 aerospace
epoxy based prlner optlonally |ncorporat|ng additives to aide corrosion

resi stance at 0.2 Hil 1S(§%O§O rg%gg ?O%lgglﬁhgg 8§p?ss (dft) per

manuf act ur er i NStruction i‘onal I'y application of
i nt er ned? at @’ cdarsecrer th&iS 8888 eERALVEBY osthiippabl/ eCaR @135nﬁrbs (10

mi cr ons) a@%@%dtggdaqlgaauf@CEQEQ%SIe%tmﬁcthge% P@bxﬁqenhgﬂe hapgoat:
Appllcatlon&;%gﬁg[G yur et hane topcCoat (eg: Désot hane HS 30 opcoa
/B

cont ai ni ng 70846X base (white color of this topcoat also

gSS|?Rateng@d$AgEg§4@p EQENEEg;HhQ§XHHGE$ typically deS|gnated|?s a4
sot hane pically -
1.0 mil (257 éFon) WLPaEE?e&rpgﬁgF§ ﬁ?ésﬁnng8W6P Eroﬁ6gpgprlor to cure

and acced er atedDagi hgtSNaddandcCure Nraceeberated agbpgycdenditions
oy o RovREcbaReoata uergsbl halinssRakaled panels L anpuen Bl o1 20F,
owed by (1l

5-10% RH (Rel ative Hum hour's Gure in a
humi di ty chaebeitaprnsi20Fdeg9c) 18Ad-50% RH for 48 hours, and then (iii)

oven cure at)16QEc-ter:24 BQBréaaﬁ@babA@ngé%'ﬁﬁlméswiocl%ﬁ hgurs.
Alternatlvely ot her "accel erated” ag |n% 4Brotoco s were enployed as
e

speci fied i RUEReCERERpregs td F¥AIBF P ol yaret han8Ht 6p8oat 'ahr ecepti ve
to addifionakrgoabhngikayers gaebﬂglqauedx@MC@pon adhesi on under standard

0 0
Pours or  ag’spad f P8 N the eRbiphebr  SOPFabl Mbdr TN The sol vents
and agents ﬁéeéOﬁorbsuFfaéé nmodefwcat N6A 220 dewrespurchaged. fromthe MERK
and Si gma- AbdekeBaer -Daws CASHhEaLaLRIRAntey. UE! L ¥RS- Of cabe Anal yti cal
conditions: 4 days, 120F;
20
Figure 18 is photographs showing WARE data.
a) Basecoat - Eclipse BACT/(0B4e White w/ TR-108 tninner,
Cure conditions: 3 Cycles of 4h, 120F, 18%RH + 8h, 75T,
T70%RH.
25 Modification agents {(zlkxoxides) -
5Z2-601: 5wt% NPZ in 60wt$% IPA and 40wt% proglyde,
5Z2-60n: 5wt% NPZ in 60wt% NPA and 40wt% proglyde.
Overccat - Eclipse BAC707 Gray w/ TR-1C9 thinner, Cure
conditions: 4 days, 120F;
30 b)) Basecoat - Eclipse BACT70846 White w/ TR-109 Thinner,
Cure Conditions: LH or HH (See below).
Modificaticn agents (alkoxides) -
0Z-801: 5wt% NPZ in 60wt% IPA and 40wt% proglyde,
5Z-6C0n: b5wt% NPZ in 60wt% NPA and 40wt% proglyde.
35  Overcoat - Eclipse BAC707 Gray w/ TR-109 thinner, Cure

conditions: 4 days, 120F.



Laborat ory Reagent grade purity. Isopropanol and n- propanol were generally
of an anhydrous grade. However, alternative suppliers and grades of the
reagents are known 25 to be available. - 35 Table 2 : General Activation
Pr ot ocol Task Strategy Treatnent Spray application of the reactivation
treatnment solution enployed a Binks Ml-H HVLP gun with a 92 or 94 nozzle
and 20 psi inlet pressure or, on occasio%, a simlar HVLP gravity or
pressure fed gun or by a flood applicati M where indicated. The active
agent (eg: redusengatgéntesuch &s, LPBHI)3was di8spl ved, dRsprEsédror
suspended insthe.sglvent/s at a percentage based on weight and the hence
prepared "reactivation treatnent" agglieg to the substrate for a given
peri od. Post-B&peagabnCieavit ondapplieht i bBREOLCEh, T eht nehRH Cperonal |y
t he polyureth@9e3sg¥$§g§;nay be "post" treated Washed with water (or
solvent) a period ollpmﬁng treatnment - sgray‘on-hose of f WéSC}K» or W ped
with an i SoprobahdfecRat onettegose ndbhyP e Hr oyt L ket 6nEF~ o7 ° whk £PNSbaked
cloth - sprayaescwepeceoté { SONQr Rescoatd nge Sanpl es were over-coated with
pol yur et hane  topcoat either: = Sanme ga .éS ins to 4 hours after
t reat nent) §3ﬁgfgﬁ??Bﬁo?d??%ﬂfﬁg(?% %%? %frgn. Unl ess ot herwi se specified
for SIJA or raltneler osvoh ddhest o0t est ipgy, aovetOeoatprodhl ckaess was 100
m cron enpl oying k¢l i pse. @, Deso @ﬁ@g HS, C | ngs; cur i standard
thinners. Cure conditions were iZ% under %$%0@§§#ifb$g%¥§$%ést 48 hours
unl ess dfeciPveEcoSert bect Bate ovRF ¢datCpay ni/ t AiRckhgsshiwagert ypieal |y 25
to 50 mcrons-Analysiss. Tabhe,3, proyrdes the equipment and conditions used
5 for testing for anal ytical purposes. - 36 Table 3_:. Testin Equignent &
Condi ti ons %%%}‘]@ Jlikionsy, 120F, 3%RH + 8h, 75, 12%RH for
cycles,First TC Cure HH: 4h, 12CF, 183%RH + 8h, 75F, 703%RH .
for 2 or 3 cycles;
15
Figure 18
Basecoat — DHS CAB8000 BAC70846¢ White w/ C thinner, Cure
conditions as Indicated.
Modification agents (alkoxides) with 30 minute awell:
20 5Z2-60n: bwt% NPZZ in &0wt% NPA and 40wt% proglyde,
7Z-6Cn: Twt% NPZ in 60wt¥ NPA and 40wt% proglyde,
97-60n: 9wk% NPZ in 60wt% NPA and 40wt% proglyde.
Cvercoat cure conditions: ddays, 120F.
Overcoats:
25 DHS CAB000 - BAC5004 Blue w/ C thinner,
Bclipse — BACS5004 Blue w/ TR-109 thinner,
Sky-Hullo FLV-II - 900BL0O04 Blue w/ 15-900, Type IIZ

thinner;

30 Figure 20 is photeographs shewing the shelf life cf metal

alkoxide reactivation treatment sclutliens on adhesion.

Figure 21 1is graphs showing scak and recovery experiments
using BMS85-142 (polysulfide) sealant: a) Welght change,

35 b) Volume change and c¢) Hardness change;



SI JA Adhesion testing was conpleted using a Single |Inpact Jet Apparatus
(SIJA, Canbridge). The initial equipnent was typically configured using a
0.8 mMmnozzle typically and enpl oyed 0.22 <calibre 5.5 mm Crosman Accupel |
Pointed Pellets (#11246). Testing was conpleted followng immersion in
water for 16 to 18 hours, enploying a line laser to |locate the inpact
position, and wusing a 45 specinmen to inpact droplet geonetry. A single
wat er jet was enployed at each site to~ fé&si adhesion with the pressure
enpl oyed forkidere"Zhotd d¢redbicatedhelowaddls dmpactcovihey velwod inyentof each
i ndi vi dual shot corded fo ture reference,. but generally the

b essure 1o Ul baTty conversi o 1S SHRTIT S beow (o8 R P esour e
(PSI) Vel ociy (wdehe ¢h@BD:, 50n@G10 HOOIE2E C00@95 Alternatively the

i npact was dictated by a "dot" or via the velocity enployed - eg. 600 nis.
In some cases the ampunt of overcoat renoved, and hence the inter-coat
adhesi on“was® 65§83 set el hob THEgy aifd 'y sis v gue AR Huaittify  the
area of paintsrefovesh - However [egarei:ess o 10fsdde 4 Mactyasejocidnadg! ative
to the unmdified reference rgg%f ove%gr?at remgved corresponded with
inferior inter-coat"adhEEi B, i be 'SHTHE R b1 was assessed according
to Adhesion (BOEING Specification Standard) BSS7225, Cass 5. This
adhesi on test: (i, Ave, i = AR ] |

test. Bri ef”llyclj.lsrl—?gaj;‘ ac eodf}jgﬁ%r et hwalrr%ggt %a%’?nagisé \Asrel\ér(’teoq%rereyaclgtq%pveéflg%frg%gd t hen
over - coat’ed {253 E@@S]rﬁg\t&o 1 i CKnesE)2 iiHT tthe "Ridiilcsdraor 168 hour s
at room t emmpenatarchange 50% RH. dEheircoat idmgs:geere  then scri bed accordi ng
to BSS7225 (Cl15 scribe cross-hatch) and the adhesion test perforned. The
pai nt adhesi on of specinens are rated on a scale of 10 to 1 with "10"

bei ng no paifIuienpved R TOT dFE] @ e Tsaiima deEmsve L &S t¥Mer SEqui prrent
Condi ti ons Whid |daxd fRetin ef asidvdasti ng was conpl eted on a whirling Arm
Rain arperain erosion apparatus enploying a 52 inch FErosion zero |ift

hel i copter |ike propeller run at 3600 Testing rpm Reference and activated
pol yur et hané tBpPcoa® fidi 15 Skdtd Ve = B(Pg? S8 CPAQ Snil@rey s ion

results for titarium;

Figure 27 is a graph and photographs showing immersion
20 results for 202473 bare aluminium;

Figure 28 is a graph and photographs showing immersion

results for 202473 clad aluminium;

25 Figure 29 is a grapn and photographs showing immersion
results for nigh strengtn steel;

Figure 30 is a graph and photogravhs showing immersion
results for stainless steel;

30
Figure 31 is photographs showing sandwich corrosion

results a)} 1x magnification and b) 10x magnification;

Figure 32 1is a graph and photograph showing immersion
35 results for BMS8-79% composite material;

Figure 33 is a graph and photograph showing immersion

results for BMS8-256 composite material;



pai nt thickness) follow ng nmasking to produce a |eading edge. The foils
were attached to the propeller at a distance along the propeller
correlating to a velocity of 380 mle per hour at the md point of the
foil. The effective rain field density of 2 nmdroplets used during the
experinment was 1 inch per hour. After 30 mn the inpact of rain erosion on
the inter-coat adhesion of the foils was_evaluated according to a 0.5 to
5 rating correlating with the amount of = 5§| nt renmoved or tear |ength. The
i npact of water droplets on the | eading edge of the over- coat fornmed on
renoval of the ri th experiment erodes .t he over-coating |ayer
relative to pﬁeleé%?eree%%t#]g% 4 aeolrl1 ncfne# -E%rg%rtog%“ nessihoon“.rlr(q: lé?m%raﬁj‘lmgr red
mar ki ngs i ndixsgwlt$ essr theid atteptidbl ¢/adhesidn) Paint Procedure for the
conplete strip test is Stripping described in SAE MMA872, Annex A, pages
51 to 53. _In this Stage an abbreviated version was conpleted using benzyl
al cohol based {Faisft >3thd pher SR tHUtPiHerhaPle yEl9vHg S o Eohpar® how t he
activat ed and-«vgre<oadeR e MRS {0 swody eadgth and: neference speci nens.
Aged specinens (Al um nium or conposite substrate) were untreated, sanded,
or activated, were over- coated (60-75 mcron), and cured for 40 hours at
120F. The edgesywer 4 ajpedh witdwAlqmmi whdtape adtsich@s ridM tSeadlch Br and
No, 425) prior, to .co nci the test. Stripper was applied every 2 hours
until the coating was rse'né’CI%&e% iy “praﬁgﬁie%\é‘rsltﬁé edjUst prior to
reappl i cati omagfi fitdwe istr igqupert uSimgulatplastd ¢ squeegee. Contact Cont act
angl e anal ysis was conpl eted using Angle "FIRST TEN ANGSTROVS"

sem -automat ed vi deo equi pped contact angle analyser. CH212 and H2O were
enpl oyed as tIHEWET etlerice 61NNt SN 1 ¢alidiilagte Athedispersiivie (ysd) and
po: ar_(ysE_) mm;tgéﬁicbwwgms;ﬁ@twf@&%%%rﬂm(m&&dﬂéﬂ}r@&d_ hort me;SeTnl\ﬁqyrFs_gn-ngre
rel ati onshi p _and Fowkes equatian. -, i nt ndi tions ,
analysi s was RHr (It GO O d BROERS PATRITR Shectrsiter BrNTol%t

| nstrunehbs, toergAmoyilrtg Na@l gpliatees cors g AAER KRS H: TirBrrdatel lamid xed
crystal associated with the mcroscope. Extent of surface contam nation
was assessed by swabbing the surface with a "Q tip" soaked with hexane.
Fol | owi ng evaparatd o¥ iof a Wershexanehsolind dmeontee NaChurmpouder: Nad

system used to derive delta =.

20 Figure 39 is photograpns showing WARE data.
Basecoat -~ DHS CAB8800 BACS00 clear with F thinner, Cure
Conditions: 3 heat cycles (4h, 1207, 18% RH and B8h, 75%,

TO%RH) .
Modification agent - 5% NPZ, 80:20 NPA: Prcglyde
25 Post treatment of Modification agent — none ¢or tTacx rag

Overcoat — DHS CABB00, white cr blue cured for 2 weeks
at ambient ~72F, 35% RH;

Figure 40 is pencil hardness data for specimens left
30 untreated prior to overccoat or treated with the
medification agent prior to over-coating both prior to

and following 30 day immersion into nydraulic fluia.

Figure 41 is Gardner Impact adhesicn test results
35 employing no modificaticn agent cor L5WT% NPZ alkoxide in
isopropanol. [Base coat: DHS CA8800 BAC3613 Yellow, CTR

thinner. Base cure condition: 3 Cycles of 4hr, 120F,



pl ates suitable for FTIR analysis were prepared by conpression noul di ng.
SEM SEM anal ysi s of the pol yurethane cross-sections were collected on a
Oxford Pentafet detector controlled by an Oxford 1SIS system Cross-
sections of the sanples, prepared with a cut off saw appropriate for
non-ferrous materials, were nounted in epoxy resin, ground and polished to
a l mcron finish and gold coated. :In&g%ng and x-ray anal ysis was
conducted using 'a 15 KV accel erating tage and a 17 nmm wor ki ng

di stance. EDXsamakyshs,wasr specifi.cakky-retinedrtocagacbonzrnbtisogen,
oxygen, and chlorine,, rogen Act. vit f .reducing.agent s _determ ned by
Bvolut | on eBBu o FEdr 4o Ruol GV LB P SRRt Huse S TRethacts arES ot t he
reduci ng agenbissltution (eg. Li.BH4 in Proglyde DW) was determ ned by
measuring the quantity of hydrogen evolved following interaction with

di lute aqueous acid. Accel erated Equi pnent: Atlas (Xenon Arc) Wat heroneter
W exposur eESAMBEEFi | ter = borosilicate Inner filter = quartz Light
intensity: 0.55 WhaRinm=@B49AM,110pebat benaey¥elenbaSAE-d1960) renPanghbs:
Desot hane HS 70242 Wi t e Test for: Col our shift o? EreVIOUS|é
reacti vat ed “f6ut CnoP "ol Er Debat ety 1 pAnBKSTREEEL | Vat BRI pot BRt PAFTBE S8anpl es
condi ti onedcthreughaagi ng poatoaok dehénecd WoeypbeyudOthkydraulic
Specimens were ested.for coaling penctl hardess ([Luldeprigr bo.igpersion
into the fluid and rated in exposureée hardnéss accordi ng to the ?of?omnng
pr ot ocoll ( softhpdohasd) conf tepe3@rdaysdi hrershbhnghesspecipenst nete

re-tested. Y@h%%édr%BOEEGQeaﬁgséHeoﬁoébggg, nggtkcthaééyQQLSOQQEeinto the
pai nt surface. Hardness Scale (soft to rd) B 5B "4 33 2B B HB
or polyester coatlngs through the appropriate choice of
solvent (s), agent{s) and optional additives under
appropriate activation conditions.
15 The specific “substrate” the volyurethane topcoat 1is
applied to 1s not relevant. Hence the substrate can be

metal (eg. aluminium), plastic {(eqg. polyimide), composite
{eg. carbon fibre reinforced epoxy or glass reinforced
epoxy) cr an elastomer (eg. poclysulfide elastomer). The

20 substrate may be firished with surfacing materials, films,
elastomers or coatings.

The polyurethane topcoat layer which regulires
reactivation may have topcoat, intermediate or priming
layers beneath it and again these layers are not relevant.

25 Typical examples of bulld-ups employed 1in the aercspace

industry include:

Aluminium substrate: cleaned, surface prepared with
anodize or conversion coat, epoxy based primer(s),
cptionally selectively strippable intermediate

30 coating layer, and polyurethane topccat layers.
Epoxy based composite: surface prepared/cleaned,
cpoxy based primer{s), cptionally selectively
strippable intermediate coating layer, and
polyuretnane top-coating lavyers.

35

The reactivation treatment solution is designed in

such a way that i1t can be applied under industrial



FH 2H 3H 4H 5H 6H 7H 8H 9H Gardner Both sides of the test
speci nen were subject to Inpact Adhesion varying inpact forces in 10 inch
pound i ncrenents using a Gardner 160 inch pound capacity inpact testing
machine with a 0.625 inch dianeter hem spherical indenter. Values reported
are the highest force recorded that produced no cracking of paint in
either the forward or reverse inpact. Nhﬁ#nunllnpact tested was 80 inch
pounds. 40 - Ow 04J CDCa) I0 a) “Uro 4 (Du7 CN ON Ns) Lf)
CA a) CGCooditkotp amCtbe iafedlriHyPol) Pha) “sikbB4ravef oca Ebadifgo 3
aFF - g huuillggérgobénégkﬁOtﬁé0p81§£9e£hgﬁeac&%ﬁikbzwgicﬁliéH U v N+ O

undergoing reactivation are not aaversely effected to a

peoint where they are unsuitable for their intended purpose

5 by interaction cf treatment solution which may

inadvertently come in contact with it for short periods.

Example 1 : Hdydrolysis Surface Activation Method

The example demonstrates that improved SIJA inter-
10 coat adhesion relative to untreated specimens results from
activation of tThe coating prior to over-cecating. Inter-
coat adhesion provided in this case 1s similar to

specimens reactivated by sanding.

15 Example 2 : Oxidaticn Surface Activation Method

The example demonstrates that improved SIJA inter-
coat adhesion relative toc untreated specimens results from
activation of the coating prior te cver-ccating. Inter-
coat adhesion provided in this case is similar to

20 specimens reactivated by sanding.

Example 3 : Reduction Surface Activation Method

The example demonstrates that improved SIJA inter-
coat adhesion relative to untreated specimens results from
25 activation of the coating prior to over-coating. Inter-
ceat adhesion provided in this case is similar to

specimens reactivated by sanding.

Example 4 : Light induced photc-grafting Surface

30 Activation Method
The example demonstrates that improved SIJA inter-

coat adhesion relative to untreated specimens results from
activation of the coating prior tc over-ccating. Inter-
coat adhesion provided in this case 1is similar to

35 specimens reactivated by sanding.
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Example 5 : Reduction Surface Activaticon Method

The example demonstrates that improved Scribe green
adhesion (predictor of possible proplems during masking
tape removal) relative to untreated specimens results from

5 activation of the ccating prior to over-coating. Inter-
cocat adhesicn provided in this case is similar to

specimens reactivated by sanding.

Example 6 : Reduction Surface Activation Method

10 Stripping study indicated that cocatings reactivated
by surface reducticn methods strip quicker than specimens
sanded prior tec cver-cecating but slower than coatings

over-coated without treatment.

15  Example 7 and 8 : Evidence ¢of Surface Chemistry Change

Results indicate that a higher Specific contxribution
to surface energy results (yvF), particularly to surfaces

activated with the reduction strateqgy.

20 Examples 9 to 33 : Reduction Surface Activation Method
Example 34 : Surface Activation Method with Exchange
Agents

25 It is envisaged that suitable combinaticns of

compeonents of the activation treatment will differ
depending on the type of cocating to be activated. The
appropriate choice of solvent(s), agent(s), optional
additives and inerts, and activation conditions will

30 differ depending on the type of cecating to be activated.

General Experimental Detail

Painting Conditions and Protocol
Spray painting cf many flat panels was carried out
35 employing a Yamaha robotic painting arm incorporating a
gravity fed Binks Mach 1A automatic spray gun configured
with a 94 nozzle. Spray painting was conducted using an

inlet pressure of 40 PSI, a scan rate of 100 mm/s and a
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specimen to gun distance of 300 mm. The coating thickness
was controlled by the gun’s fluid needle control position
and scan rates. These parameters were adjusted in line
with paint thickness measurements and assessed using a

5 Fischer Isocoscope [MFOD) on aluminium substrates. When
coating was completed on composite substrates, the coating
layer thickness was estimated by calibraticn with the
isoscope readings from aluminium panels. An analogous
strategy was employed for the application of the primers,

10 optional intermediary and topcoat layers. For the
majority of the examples, the painted films were over-
coated following taping through the middle of the coupcn
with 3M wvinyl tape [(#471) to form a paint edge on its
removal. This edge was the impact target for SIJA (Single

15 Impact Jet Apparatus) analysis.

Spray painting of curved or larger surfaces (eg: rain
erosion foils) and some of the smaller flat panels was
typically conducted using a Binks M1-H HVLP gun configured
with a 94 nozzle. Occasionally, a similar gravity fed HVLE

20  gun or a pressure pot fed HVLP gun was used. In these
cases the aluminium or composite was prepared in the same
manner as the flat plates pricr to the first top-coat
being applied. Zollcwing cure c¢f the first coating layer
the front of the foils were masked (Intertape Polymer

25 Group, PG-777 tape) pricr to over-coating to form a
leading edge once the over-coating was applied and tape
removed.

Cure protocols were undertaken in a computer
controlled temperature humidity chamber, such as a

30 Thermoline Environmental chamber and/or a conventicnal

curing oven.

Table 1 : Paint Material Information

35 For the majority of the examples, the coatings used are
listed in Table 1. In the examples, paint companies are
generally abbreviated:

PRC-DeSotoc International: PRC-DeSoto

Akzo—-Nobel Aerospace Ccatings: Akzo-Nobel
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Table 1 : Paint Material Information

5 Epoxy based | Intermediate |PRC-DeScto
primers coat that is International:
suitable selectively Descthane HS,
for strippable
composite Akzo~-Nobel

10 cr RAerospace
aluminium Coatings: Eclipse,
based
aerospace Deft Chemical
componenets Coating

15 Components Base:

CABO00/BxxxxxX
such as
CA8000/B70846X

Lctivator: CAB8000B
Thinner 1: CA8C00C
| Thinner 3:
CAG000C?2

Or
Base: CAB800/Byyyy
Activator: CAB8007Z
Thinner
1:CAB800CTR
Thinner 2:
CABB0OOCT
Thinner 3:
CABB00OCTZ2,

Base: BELL-G-xXXX
such as ECL-G-14
{BACT0846)

Curing Sol: PC-233
Thinner TR-109%
Thinner TR-112;

Sky-Hullo FLV-II
Base: 900YYxxx
such as S00BL004
(Blue}

Curing Sol:
Q00X0C1CAT
Thinner: I5-200,
TyITT
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Note: the thinner designation € and C2 are wused to
indicate the relative rate at which the paint cures. C
thinners - standard cure rate with C2 producing a
correspondingly faster ‘cure rate (from incorporation of
high catalyst levels into the thinner). For Desothane
CA8800 CTR is reduced rate, CT is standard rate and CT2 is
fast rate cure thinner. For Akzo-Nobel - fast cure thinner
1s designated TR-112 and standard thinner TR-109.

Painting Conditions and Protocol

Substrates were cleaned prior to priming and optionally
where appropriate treated with an alodine type conversion
coating or anodized.

Polyurethane topcoats, intermediate and primer layers were
mixed and applied according to the paint manufacture
instructions. |

Primer:

Typical conditions:

e For Composite or aluminium: application of common
aerospace epoxy based primer optionally incorporating
additives to aide corrosion resistance at 0.5 mil
{(12.5 micron) dry film thickness ({(dft) per
manufacturer instructions.

Intermediate coat: _

e Optionally application of intermediate coat (IC) that
is selectively strippable at 0.35 mils (10 microns)
according to manufacturer instructions
Polyurethane topcoat:

e Application of polyurethane topcoat (eg: Desothane HS
topcoat containing CA8000/B70846X base (white coclor
of this topcoat also designated as BAC7084¢. 1In
examples it is typically designated as Desothane HS

70846X or DHS BAC70846) at 1.0 to 4.0 mil (typically
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1.0 mil (25 micron)). Painted panels flash off for 1

hour prior to cure and accelerated aging.

Standard cure / accelerated aging conditions employed
for topcoats were: (i) Cure painted panels in oven at
120°F, 5-10% RH (Relative FHumidity) for 40 hours,
followed by (ii) post cure in a humidity chamber at
120°F (49°C) and 50% RH for 48 hours, and then (iii)
oven cure at 160°F for 24 hours. Total cure time was
112 hours. Alternatively other ™accelerated” aging
protocols were employed as specified in the examples
to render the polyurethane topcoat unreceptive to
additional <ccating layers as indicated by poor
adhesion under standard adhesion tests eg: 120°F and

2-3% RH for 5 days or 120°F and 5% RH for 16 hours or

as specified in the examples.

Surface Modification

The solvents and agents used for surface modification

were purchased from the MERK and Sigma-Aldrich or Dow
Chemical Companies. Purity was of an Analytical or

Laboratory Reagent grade purity. Isopropancl and n-

propancl were generally of an anhydrous grade. However,

alternative suppliers and grades of the reagents are known

to be available.

cc C

0
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Table 2

General Activation Protocol

ey S i

Treatment

reactlvatlon

Spray apelicaticn of the
treatment sclution employed a Binks M1-H
HVLP gun with a 92 or 94 nozzle and 20 psi
inlet pressure or, on occasion, a similar
HVLPF gravity or pressure fed gun or by a
flood application where indicated.

{eg: reducing agent such as
LiBH,) was dissolved, dispersed or suspended
in the solvent/s at a percentage based on
weight and the hence prepared “reactivation
treatment” applied to the substrate for a
given period.

The active agent

Post-
Treatment

Spray on leave on application (SOLO)

Optionally the pelyurethane surface may be

“post” treated

Washed with water (or solvent) a period
following trealtment - spray on-hose off
(SOHO) or

Wiped with an isopropanol, ketone (eg:
methyl-propyl ketone) or water soaked cloth
- spray on wipe off (SOWO)

Re-coating

Samples were over-ccated with polyurethane
topcoat either:

¢ Same day
treatment)

s Some period following reactivation.

(5 mins to 4 hours after

Unless otherwise specified for SIJA or rain
erosion adhesion testing, over coat
thickness was 100 micron employing Eclipse
or Desothane HS coatings cured with standard

thinners. Cure conditions were 120F under
8-20% RH for at least 48 hours unless
specified.

Scribe test overcoat paint thickness was

typically 25 to 50 microns

Analysis

Table 3 provides the equipment and conditions used

5 for testing for analytical purposes.
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Table 3 : Testing Equipment & Conditions
Equipment | Conditions
SIJA Adhesion testing was completed using a Single
Impact Jet Apparatus (SIJA, Cambridge). The

initial equipment was typically configured using
a 0.8 mm nozzle typically and employed 0.22
calibre 5.5 mm Crosman Accupell Pointed Pellets
(#11246) . Testing was completed following
immersion in water for 16 to 18 hours, employing
a line laser to locate the impact position, and
using a 45° specimen to impact droplet geometry.
A single water Jjet was employed at each site to
test adhesion with the pressure employed for the
“shot” indicated below its impact. The velocity
of each individual shot was recorded for future
raference, but generally the pressure to
velocity conversion 1s specified below (%25
m/s) .

Pressure (PSI) Velocity (m/s)
L 350
50 610
100 725
200 895

Alternatively the impact was dictated by a “dot”
or via the velocity employed - eg. 600 m/s.

In some cases the amount of overcoat removed,
and hence the inter-coat adhesion was assessed
employing image analysis techniques to quantify
the area of paint removed. However regardless
of the impact velocity relative to the
unmodified reference more  overcoat removed
corresponded with inferior inter-coat adhesion.

Scribe
Adhesion

Scribe adhesion was assessed according to
(BOEING Specification Standard) BSS7225, <Class
5. This adhesion test 1is a five line cross-
hatch tape {3M tape, No. 250) pull test.
Briefly: Heat aged polyurethane coatings were
reactivated and then over-coated (25 - 80 micron
thickness) curing the over-coat for 16 hours at
room temperature and 50% RE. The ceoatings were
then scribed according to BSS7225 (Cl5 scribe
cross-hatch) and the adhesion test performed.
The paint adhesion of specimens are rated on a
scale of 10 to 1 with ™10” being no paint
removed and “1” being all paint removed.
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Equipment | Conditions

Whirling Rain erosion testing was completed on a whirling
Arm Rain |arm rain erosion apparatus employing a 52 inch
Ercsion zero lift helicopter like propeller run at 3600
Testing rpm. Reference and activated polyurethane
topcoat foils were over-coated (85 to 120 micron
paint thickness) following masking to produce a
leading edge. The foils were attached to the
propeller at a distance along the propeller
correlating to a velocity of 380 mile per hour
at the mid point of the foil. The effective
rain field density of 2 mm droplets used during
the experiment was 1 inch per hour. After 30
min the impact of rain erosion on the inter-coat
adhesicn of the fcils was evaluated according to
a 0.5 to 5 rating correlating with the amount of
paint removed or tear length. The impact of
water droplets on the leading edge of the over-
coat. formed on removal of the tape during the
experiment erodes the over-coating layer
relative to the strength of the inter-coat

adhesion. (F or Fall or red markings indicate
less then acceptable adhesion)
Paint Procedure for the complete strip test is

Stripping |[described in SAE MA4872, Annex A, pages 51 to b53.
In this Stage an abbreviated version was
completed using benzyl alcohol based paint
strippers without thermal cycling to compare how
the activated and over-coated specimens to
untreated and reference specimens.

Aged specimens (Aluminium or composite substrate)
were untreated, sanded, or activated, were over-
ccated (60-75 micron), and cured for 40 hours at
120°F. The edges were taped with Aluminium tape
{(such as 3M Scotch Brand No, 425) prior to
commencing the test. Stripper was applied every 2
hours until the coating was removed. Lifting
paint was removed just prior to reapplication of
the stripper using a plastic sgueegee.

Contact Contact angle analysis was completed using
Angle “FIRST TEN  ANGSTROMS” semi-automated video
equipped contact angle analyser. CH.I, and H»0

were employed as the reference solvents to
calculate the dispersive (vs?) and polar (vs)
contributions to surface energy (ys) through the
Young-Dupre relationship and Fowkes eguation.
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employing NaCl plates or an ATR KRS-5 TiBr /
Til mixed crystal assccilated with the
microsceope. Extent of surface contaminaticn
was assessed by swabbing the surface with a “QO-
tip” scaked with hexane. Following evaporation
0of the hexane scolution onto NaCl, vowder NaCl
plates suitable for ¥TIR analysis were prepared
by compression moulding.

L SEM SEM analysis of the polyurethane cross-sections
i were collected on a Oxford Pentafet detector
controlled by an Oxford ISIS system. Cross-
sections of the samples, prepared with a cut
off saw appropriate for non-ferrocus materials,
were mounted in epcxy resin, greound and
polished to a 1 micren finish and gold coated.

[ Imaging and x-ray analysis was conducted using
a 1> KV accelerating voltage and a 17 mm
working distance. EDX analysis was
specifically refined for carbon, nitrogen,
oxygen, and chlocrine.

Hydrogen Activity of reducing agent was determined by
Evolution employing Hydrogen Evelution technigques. The
activity ¢f the reducing agent soluticn (eg.
LiBH; in Proglyde DMM) was determined by
measuring the guantity of hydrogen evelved

| following interaction with dilute aguecus acid.

Accelerated * Fqguipment: Atlas (Xenon Arc) Weathercmeter

. — Outer filter = borecsilicate
UV exposure ~ .
— Inner filter = quartz
— Light intensity: 0.55 W/m?/rm @34Cnm

* Operation Cycle ({~3AE J18¢0):
* Panels: Desothane HS 7084& White

» Test for:

— Colour shift of previcusly
reactivated (but not cver-coated)
panels

— Reactivation potential of samples
conditioned thrcugh aging protocol
then a UV cycle.
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@) Hydraulic Specimens were tested for cecating pencil hardness

prior to immersion inte the fluid and rated in
hardness according to the folleowing protocol (soft
te hard). After 30 days immersion the specimens
were re-tested. Values reported are the softestc

vencil that would cut into the paint surface.

Hardness Scale
(soft to Hard)
6B

5B

4B

38

2B

B

HBE

F

B

ZH

3B

4H

54

6H

TH

8H

9H

Gardner
Impact
Adhesion

Both sides of the test specimen were subject to
varying impact forces in 10 inch pound increments
using a Gardner 160 inch pound capacity impact
testing machine with a 0.625 inch diameter

hemispherical indenter. Values repcrted are the

highest force recorded that produced no cracxkxing cof

palnt in either the forward or reverse impact.

Maximum impact tTested was 80 inch pounds.
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(1) SIJA inter-coat adhesion of aged Desothane HS 70846X white reactiva

LiBH; (0.2 wt%) in Proglyde DMM and co-solvent specified (SOLO) for 3 hours and ove

with various coloured Desothane HS polyurethane topcoats

Example 15.
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Supporting FTIR evidence for selected cortaminants:

Samples were swabbed with a hexane soaked “Q-tip” and the

nexane containing sample absorbed onto NaCl.

Following
compression molding of the NaCl into Plaques, FTIR spectira was
cbtained.

{(a} Petroleum Jelly Contaminant
.05 J Uncentaminated
0.03 - topcoat
i I
oot - R M‘“‘"‘"
0.0 -
0.G5
Q-tip in
£2.03 -
P isolation
. - by izsalaty
C.C1 - P g o e ST T e
-0.01 -
Q.05 - ’
0.0% - A Petroleum Jelly
% 0:01 | P \\___ ) . /f\_,,-—-u—\lfﬁb\’w Contaminated - untreated
5 et R e -— e
570.01 -
g
3 o.ps -
2 0o3 - Contaminated substrate
2.01 A e S ,__‘_,.,__a—‘_-—\‘/(\‘ﬁ\_" . Follewing SCHC treatment
SN ——— —~—
-0.01
.05
0.03 - ] Contaminated substrate
P T e e e following
_ e e Y
0.0 A - S g e SOWO (IPA) treatment
0O -
0.05
o.c3 Y S e ) 4 sub
L / T - - -4} Contaminated substrate
0.01 s . Nt following SOWQ (MPK/MEK)
=001 T T T T T 0 7
ADDO 500 2000 2500 2000 1500 1000 spp  treatment

Wavenumbers ({cm™?)

NOTE: typical abksorptions around 3000 cm ! for the

contaminant was removed or reduced following reactivation
under the conditions listed.
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(b) Aeroshell 33 Contaminant

aos -| A

L1033 N ~

LR ni “ye—s=  Uncontaminated

N1 | Topcoat

[= K =1

oo

e W . . . .

e L R ———— h".‘.t---""w Q-tip in isclation

oo -

[ LI

.

oo - 1 EPE: il 7 Beroshell 33
% oo | T . Sy Yo' 4 Contaminated - untreated
500
ha
B ooa.
® oea - — Contamingated substrate

; P, = S5 PEEEREr e cn = ; = i
‘:’-z’ | T e e o e =" following SOHD eeackivatison
-r 1 -
_ treatment

-5 )" 1

[ ! 1 ;Lﬁ.

BT o e T T e e e et Y Contaminated substrate

a.at - following SOWo {IPA)

reactivation
s
s e g ——
—— R
a.a4 ,,.--'”"’"a.%/f e T\ Cantaminated substrate
ot . im e - ; r N -
ALHID 2RO SO0 2m0n 2000 b O TR was  following SOWD (MPE/MER)
reactivation
Wavenumbers (cm 1)
NOTE:

typical absorptions arcund 3CCC cm™ for the

contaminant was removed or reduced following reactivation
under the conditions listed.

Examples illustrate that the level of contaminate is

clearly reduced or removed following the reactivation
Treatment.
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- 77 (iii) Supporting FTIR evidence for selected contam nants:

wer e swabbed with a hexane soaked "Qtip" and the
conpressi on nol ding of the NadC

absorbed onto NaCl. Fol | ow ng

Pl aques, FTIR spectra was obtai ned.
Uncont am nated, 0.03 - topcoat -'~
03 - ~ Qtigp i - ,- ~~ isolatior

Cont ani nat =

X.
0

untreated 0.01 -0Q

0.01 fol |%\;§ﬂg’> SOHO t r eat ment

G

fells wng SO0 (I PA) treatnment

fol | owi ngz SONG (MPK/ MEK) - - Tee- '
500 treatfenf Mvenunbers (cnﬁl)
-1 for the._.Edhtanm nant was r W
under thel &Rt tions |isted. b) i nant
_________ oo _H - ..
: t=3racs col .
oo 9 O.&.0 . Q—tlp in |sblat|on ~aae_AerosheII 33 _
Cont ani naf &d4-" untreated | &
Rl =
29g7 A
B &
mAM O g e <
U 00 ] =
o QN )
Kol =N (o | =i
TP U m [
gvg.; -
S0 ® N
w5 P =
o} o O e
Y g
o 0~
o} C >
H o~ A
ngon
U QO w
5 A~ 0
R
L2 BT =
o~ <
0o 4 -+ :;
(G o PRSIy )] e m
LS5 E = = A
©Qd B 5] . e}
b od Ei =3 =
cP wae o 2
S g S 2
G 0P E o o8
D og pu = ©
45] 0]
- r& -E m
2385 = =
: o =
& & en =
285, s z
@ ) =
- 3
? =]
- e
haut [
&
(o]
b
e
1

-0

~

~- a- ~" / ~
003 Petrol eum Jel |y
I nat ed substrate
int &t nat ed substrate
anmfhat ed substrate

followed by water hose-off after the 30 minute tr
under ambient conditions prior to adhesion testing

reactivated under the conditions specified -
Following cure of

Example 25. Example 25.

Sanpl es

hexane cont ai ni ng sanpl e
into
a) Petroleum Jelly Contam nant

3.01 -0.D1 - 0.05 D

nt a

pt NONs ar ound 3000 cm

reactivation

Untreated /
Sanded
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reactivation solution may be used in conjunction with
materials such as stencils and design masks and tapes for
the production of decorative painted finishes.

(1) Reactivation (LiBH4 in proglyde:IPA 40:60 SOLO
application 30min) applied onto aged Desothane HS white
70846X topcoat (16h, 120F, 8%RH) with pre-applied vinyl
based stencil prior to painting with Desothane HS S601X
blue (C2) cured for 16h at ambient conditions.

TEST PART ONLY

Untreated

TEST PART ONLY

0.05% LiBH,4

TEST PART ONLY

0.15% LiBH,

Example illustrates that crisp non-distecrted letters are
maintained even when the treatment solution is applied
over the top of the stencil.
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NNIC: 4 %1i)aRegc%é§at§69 (gﬁgHng% proglyde:IPA 40:60 SOLO
application 30min) applied conto aged Desothane HS white
70846X topcoat (16h, 120F, 8%RH) with pre-applied vinyl
based stencil prior to painting with Desothane HS S601X
(CYblue at 120F for 1léh.

untreated

0.05% LiBH,

0.15% LiBH,

Example illustrates that crisp non-distorted designs are
maintained even when the treatment scolution is applied
over the top of the mask.
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desi gn rrasksNand tap@smf@r T He pgonuct I on of decorative painted finishes.
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standard cure cycle aging conditions and (b)

prior

(i) SEM pictures of Desothane HS 70846X white polyurethane coatings both (C) an
under the (a)
days, 2-3% RH)
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blue (C2) cured for 16h at anbient conditions. TEST PART CINLY Untreated
rET A RL OOsN'Y 70.05% Li BH4 -0. 15% Li BH4 Exanple illustrates that crisp
non-distorted letters are nmintained even when the treatment solution is
applied over the top of the stencil. - 96 (ii) Reactivation (LiBH4 in
progl yde: | PA 40: 60 SOLO applicatio m n) applied onto aged Desot hane HS
white 70846X topcoat,(16h, 120F, 89 with pre-applied vinyl based
stencil prior to pai A ng with Desothane HS S601X (C)blue at 120F for 16h.
untreated MENEM 0. 05%&i Brd 0. 15% Li BH4 Exanple illustrates that crisp
non-di storted desi gnsmad;e@ﬂ@ nt & ned even when the treatnent solution is

applied over the t %5% K -¢c-97-vi 4 > 30-~r1r-6000
OH.-1 a0-H-HCrsww-Hnaeroa OroUCSi -HSi "HH+- qaC
-HOHO-0-00:~-3dlHBEWEZ&EDHFCCH Ocn~nmwe6l crdoUaO b,
rpSa--' - C OBE"-Vaz®fdBProO UOD x OUaHC'O CDu UO ajj
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cccz”

44 C2 29
Reactivated
CCC”

Untreated
“C”
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QN U ‘tkghﬁie M Example illustrates the impact of accelerated

UV exposure on aged Desothane HS 70846X polyurethane coating
relative to untreated reference for different lengths of
exXposure time.

(1) Change in colour for samples not over-coated.

Effect of time of UV on White Panels

14

B No UV

B UV 210 hours
O UV 420 hours
UV 630 hours

delta E

Unireated Sanded 0.1% SOHO 0.1% S0LO

The example illustrates that the colour shift is similar for
samples untreated, sanded, reactivated with 0.1% LiBHin
proglyde that is either removed after 30min (SCHO) or not
removed (SOLO) if left not over-ccated prior to various
lengths of accelerated UV exposure time.



'"O103 4a-000U Ca CC1J0OCO ro-Ht m1J CL a) NC ZS-P O -H
roQ4) ro C4-ONromU UO a) ,Cml1lJP13 d roN COQ O -HPQ
N 1JC roCH OCauU.C? a C1l1l1rl P OaQC COCO4 -H(DU"
N> P Orl 41) P-HOm >1C-P~4 S9&L .,. rl (OHCE'Oco O-~1
Om-HCO Qr % gNkro-H Nbr_ Sq9phgQ-O kL U P-HU 1 UC-HI10 W
roU C Qco o<.,a-r t ml 41 -Ha) rop0." r0-HS4 cn Q (c¢)

Er O-- N x 11ttsfﬁélﬁﬁ%éﬁ coé%4adhe 1oﬂwrégults £2% Desogkane ES HNHE
70846X white (C2) aged under the standard protocol and

then accelerated UV conditions for 630h before
reactivation and over-coating with Desothane S$S601X.

Prior UV Exposure:

Untreated Sanded ' 0.1% LiBH4 (Proglyde)
SOWO (MPK/MEK), 30min

No UV Exposﬁre:

Untreated Sanded 0.1% LiBHA4 (Proglyde)
SOWO (MPK/MEK),30min

The example illustrates that the reactivation protocol
provides improved inter-coat adhesion for samples exposed
to accelerated aging and UV exposure with similar result
provided to those samples not exposed to UV.

This example is relevant to polyurethane coating that has
undergone UV exposure for extended periods before
requiring reactivation and over-coating, for example, in-
service airplanes. : '
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In

the example the stripping behaviour of aged Desothane HS
70846X white (C2) reactivated with the reduction method
under the conditions listed prior to over-coating with

Desothane HS S8601X relative to untreated and sanded
references.

initial

Top row (from left to right): 17, 18, 19, 20

Bottom row (left to right): 21, 22, 23, 24

17 —— Untreated

18 -- Sanded

19, 20 -- 0.05% Lithium Borochydride t-Butyl Acetate:
Proglyde 2:98 {(SOHO) ,
21, 22 -- 0.01% Lithium Borohydride t-Butyl Acetate:
Proglyde 2:98 (S0LO)

23, 24 -- 0.05% Lithium Borohydride t-Butyl Acetate:

Proglyde 2:98 (SOLO)
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The example 1llustrates that the chemically reactivated
samples strip in a similar time frame to the sanded and
untreated references.



UV exposure on aged Desot hane HS 70846X pol yuret hane coating relative to
untreated reference for different lengths of exposure tinme. (i) Change in
col our for sanples not over-coated. Effect of tine of UV on Wiite Panels

1.4 ---- 12 i i1~6' 2my ~ S F "rvy wos e NoW ,. ,t (r)Uv210hours M
URI v O.si fir. ~ UV 420 hours r (r)W 630 hours MMM 1211 MIIl L ~r -,
~k ~ uvfl Udtreated Sanded 0.1% S 1% SOLO The exanple illustrates that

the colour sshjft is similar for sanples untreated, sanded, reactivated
with O. 1°)§I+_%i§|-l4in proglyde that is either renoved after 30m n (SOHO or
not renoved (SOLO) if left not over-coated prior to various |engths of
accel eratfed BV exposure time. 108 (ii) SIJA inter-coat adhesion results
for Desotth&nhe HS 70846X white (C2) aged under the standard protocol and
then accel erated UV conditions for 630h before reactivation and

over - coatd ﬁ'ﬁg-‘j\Mth Desot hane S601X. Prior WV Exposure: 6ai aoo Untreated
Sanded 0.51% i BH4 (Progl yde) SOAM (MPK/ MEK), 30min No UV Exposure: coo
Unt r eat ed® Saided 0. 1% Li BH4 (Proglyde) SOWD ( MPK/ MEK), 30mi n The exanpl e
il lustrates that the reactivation protocol provides inproved inter-coat
adhesi onﬁ@“‘}nsarrpl es exposed to ac rated aging and UV exposure with
simlar result provided to those sanples not exposed to W. This exanple
is relevaht: to pol yurethane coating |EhHat has undergone W exposure for
ext ended ‘per itods before requiring r§@ctivati on and over-coatjng, for
exanpl e, a4 n- bservice airplanes. - 1 Exanpl e 31. Exanple shows a

co rati I nt tri I Nn X
conpar at ive fai nt stripping experiment between conposite panels
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prinmer, intermedi ate and pol yurethane topcoat layers. In the exanple the
strippi ng behavi our of aged Desot hane HS 70846X white (C2) reactivated
with the reduction nmethod under the conditions listed prior to
over-coating with Desothane HS S601X relative to untreated and sanded

references.t:initialGaerEirf_ I I 31 Yel
6'h'..": JidA: :4#}vitlhd .. ; 3EI L.y~ 4|c Ix -:":{ gy :;::-
wrv..9 wltlnuuau:..Nu _: ' Top r(}vgl(fromleft to rlght) 17, 18, 19, 20

Bottomrow (left to right): 21, 22, 23, 24 17 -- Untreated 18 -- Sanded

19, 20 -- 0.05% Lithium Borohydri de t-Butyl Acetate: Proglyde 2:98 (SOHO
21, 22 -- 0.01% Lithium Borohydride t-Butyl Acetate: Proglyde 2:98 (SOLO
23, 24 -- 0.05% Lithium Borohydride t-Butyl Acetate: Proglyde 2:98 (SOLO

110 - t =120 min! '~~d Fs '" I {~Ef~~1~! ECia~E t ero .- Ft ~"( t
"Pwt yIl{n"tt ~ .z ~,~436 Eta Fi. n -: mam { vrndd 33" flIL, "~I,
w sst #E I' pYFg&Y+EEidd 3 EI~E{§A{~IE~F5ittR4y' "4 L
aid~day.ttfx"'1U";" di vt ci' ~Itawt:120 mn after scrape ~
it!3!~F~~I~ssth\olos|7j'FIIFEI\achk.. N.~t t },, ,, ~t4
~ WFv4 FW~RRF 5 h3{ASF SY 1 i i!l. Ft &3 dtE,~i | 4 LR~ ~Et (
l'lsi ..hF1i ~2&E58Jlsl~l ssi ( (.8 Nw-~Fes E

I

E
=
B
=
S
3
o
7]

SOHO (H,0)

SOLO

(i) Scribe adhesion was rated “10” for all samples

Sanded /
Untreated
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The examd e illustrates that the chem caIIy reactivated sanples strip in a
simlar tine franme to the sanded and untreated references. 1112 .. i" -D
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Example 35

Screening experiments assessed a variety of metal alkexide
mocifying agents with different relative reactivities (moisture
stapilities) as described in Table 4. 1Initial experiments
employed SIJA methods Lo probe the change in inter-coat adhesion
with (1) the type of metal alkoxide used in the activation
treatment system and {11) 1ts cconcentration. Under all
conditions a SOLO approach was employed. Tigure 1 provides the
SIJA data employing 0.5, 3 and 5wi% concentrations of modifying
agent. It should be pointed out that (1) there was no true
concentration parity in the experiment altnough given the large
concentration range investigated trends in performance could be
assessed and (11) all soclutions were prepared in the one solvent
system (I[PA})to simplify the experimeni even though it is known
that alccholysis is pessible to provide mixed alkoxides.

However, tc counter tnis effect to some degree each solutlion was
prepared freshly and applied directly. Considering that

NPZ has a nigh molecular weight and was supplied as a 70%

NPA solution the actual concentration was much lower than

for similar titarium based reagents.

Metal alkxoxides with small alkexy groups (eg: TPT, NBT, NPZ -
see Table 4) appeared to provide limited benefit

at concentrations of 0.bwt% Dbut under the reactivation
conditions employed showed improved inter-coat adnesion

at concentraticns above 3wt%. A lower reactivity for TEAZ

was observed probably due To its greater moisture stapility
{Table 4). Cleoser investigaticn of concentration (Figure

2} dindicated that around & - 7Tmmel of medifying agents

ver 100g was reguired to see paint removal comparable

to sanded specimens with less paint removed as the concentration
was lncreased.

A preliminary investigation was also undertaken to assess the
activity of the substrate over time considering that aleng with
a standard reactivation time f{eg 30 to 60 minutes) there may
also be & reguirement 1n the paint hangar for the activated
surface to remain active after a neat cycle or Icr snorter or

longer pericds. Preliminary assessment results are provided 1in
Figure 3. The salient points from this stuay were that (i) NPZ
treatment solutions appear to build up adhesive forces <faster
than TPT, (i1) both versions provided about tne same level of
inter—-coat adhesion after 1n even thcough the respective molar
concentration of NPZ was less, (111} paint surfaces remein
active after 24k at ambient conditions, and ({(iv) tne surfaces
remalined active after a heat cycle. Point (1) may be explained
by the relative reactivity of the materials as provided by their
difference in hydrolysis rate (Table 4}. This type of
activation window was considered commercially attractive and
appeared to provide some flexibility for paint hangar

scheduling.
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m>1 0 H rlBa@“8 fapst $f éepu@"sop@ogwded for LiBH, bascd modifying
agents stencil and pre-mask swelling appeared to be

more related to the physicel properties of the solvent
system employed rather than the low concentrations of
5 the active agent. To corfirm this with metal alkoxide
modifying agents a brief study was undertaken with the
resuits provided 1in Tlgures 4 and 5. As was shown for
LiBH,; treatments 1in 100% Proglyde DMM extensively
swelled the wvinyl mask whilst 100% IPA provided no

10 swelling. Since slight swelling began at a ratic of
approximately &C:40 IPA: proglyde this ratic was
considered a reasonable upper limit for the amount of

glycol ether in formulations to be used with stencils.
The eifect of modifyirg agent corcentration for NPZ in
15 NEA or TPT in IPA was also undertaken (figure 5) with
the results coniirming that in 100% alcchol at least
the concentration range (0.5 to 5.Cwt%} did not appear
to negatively impact letter guality.
Preliminary 30 day water scak experiments were
20  also undertaken with specimens reactivated and then
over-coated. One to three applications of tne
modifying agent were invesiigated to simulate both
thin and thick applicaticons, over spray, multiple
passes etc. Generally good over—-ccat appearance was
25 cbserved even with high concentrations of TZT cr NPZ
(5wt%) at 1 to 3 applicaticns (Figure 6).

Pre-mask and Stencil Vinyl Swelling

30 Based on the preliminary results focr stencil
swelling, full stencil and premask diamond studies
were undertaken. Using 100% IPA or NPA in the sclvent

system did not appear to provide appreciable stencil
or pre-mask swelling and as sucn letter clarity was
35 crisp even when the reactivation scluticn was appiied
over vinyl mask materials SOLO (Figure 7a). Following
encouraging whirling arm rain erosion results (see
later) additioral stencil swelling experiments were
undertaken employirg bSwt% NPZ in a range of solvents
40 and combinations (Figure 7D). No negative l1mpact was
demcnstrated by using a 20:8C ratioc of proglyde DMM to
TPA or NPA, although at a 40:60 ratic some slight
wicking away from the edges of the stencil was noted.
Considering the benefits provided by using a slightly
45 hnigher proglyde concentration in terms of adhesion on
tnicker paint layers, this degree of stencil swelling
may be acceptable and probably not observed on pre-
mask vinyl considering its lower susceptibility to
swelling or when applied for short dwell times
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(15min) .Alternatively, aifferent solvent formulations
can be employed depending on whether the applicaticn
is for stencils which <tTyplcally wuses paint layer
thicxness on the oraer of one mil or premask or iarge
body area applications where the paint layer thickness
is typically two to five mils.

Tests using a 5Swt% NPZ are provided in tigure 7C. It
snculd be pointed out that using difficult to remove
Cninese characters letter quality was significantly
improved compared to untreated specimens and there was nc
appearance of stencil swelling when a 5%NZZ  20:80
proglyde: IPA solvent system was employed for reactivation.
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Adhesion

Leveraging the preliminary results provided in the
initial screening experiments above, the majority of
subsequent experiments were completed employing a 3wt
concentration of modifying agent in alcohol baseaq
sclvents. Later, nigher concentraticns of modifying agent
and the addition of proglyde tc the solvent system was
found necessary to provide acceptable whirling arm rain
erosion results on thick layers of wpaint 1in certain
circumstances. It shktould also be emphasised that as
indicated 1in Figure 2, concentration parity was not
maintained between TPT and NPZ with a 3wt% solution
actually corresponding to a 10.5 and a 6.& mmol/1CCg
ccncentration respectively.

Scribe Adhesiocn

arious scribe adhesion test results are provided in
Figure 8. Althcugn the 3.5h, 120F cure stencil resulzs
cdid riot provide a reference material that failed RSS87225
fand as such it was not possible to discriminate between
the reactivation treatments) the 12h arbient cure
overcoats did with the reactivated samples preoviding a
“"10” rating similar to sanded for in  contract to
untreated with a “C0” rating.

Stencil pull and scribe adhesicn were alsce underzaken
{(Figure ) ard mlrror that completed for LiBH,.
Regardless of the treatment dwell ({30 or %0 min}, zthe
treatments provided excellent scripe results (10 in BSS
7225) after 60 min under ambient conditions superior to
that of both sanded (8) and untreated (3). Ir terms of
stencil pull: - pull times of 90 min (more severe) did
provide & “thinner” letter for all the reactivations
treatments. Results for TPT were scmewhat supericr to
NPZ regardless of whether IPA or NPA was employed which
might ke attributed to the difference 1in effective
concentraticn. However, sterncil pull results were on the

tlit [ ~O-ri co-H-H
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35 Screening experiments assessed a variety of netal aI koxi de nodi fying

agents with erent rel tlvereact |t| s(m) stabl t|e
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condi ti ons aPSTe@probichl wasteapl ayed. PFLyurema pFovPmées-the Sl JA data
enpl oyi ng>0.5, 3 and Swt % concentrations of nmodifying agent. It should be
poi nt ed out t9TEHA (and (Heeime Brgsiom tAdheesiconcentration parity in the
experinment alt houghasgidvesn t brokar ge racendenst MRRONE 6 ANgewknée Hricgatred
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appeared o ﬁM@ﬁ%ﬁéqQQHﬁ¥ﬁPb§ﬁ%m$tfor the metal alkoxide to firstly
react and then condense with the aged paint surface.

Subsequent tests demonstrated that much shorter dwell
(application) times, e. g. 30 minutes, were feasible.
The results from SIJA panels are provided in Figure
20 10 and the WARE results obtained from foils provided in
Figure 11. Although reasocnable paint removal was
optained for the untreated reference from the 16h, 120F
heat cycle cure {(at B8%RH or 0.59%t% air moisture), the
72 hr basecoat ambient cure (at 60%RH or 1.12wt% air
25 moisture) provided an untreated reference with only
marginal paint loss. As such it was again difficult to
compare the relative performance of the reactivatiocn
treatments.
Table 6 provides tabular data for the WARE results
30 given in Figure 11. All foils produced “passes” with
the “C” cured base cecating under the 16h, 120F, 8%RH
cure. For the ambient cured foils, all the NPZ foils
had superior WARE compared to the TPT foils. Fot the TPT
foils, multiple applications appeared to help, although
35 incorporation of 20% proglyde provided the greatest
advantage with 2/3 foils passing the test (eg a marginal
pass) . The reason for this is complex: (i) the addition
of proglyde assists in spraying a more uniform treatment
film, (ii) proglyde has a much lower vapour pressure
40 than IPA or NPA and as such the surface remained “wet”
somewhat longer which presumably also assisted in
promoting surface chemical reactions, ({iii) proglyde is
known to soften the paint and as such probably promoted
metal alkoxide penetration into the coating surface and
45 hence chemical reactions with embedded chemical groups,
and {iv) through that process favors the formation of a
surface/subsurface interpenetrating network during
condensation of the alkoxide prior to or during cure of
the over-coat.
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showed i nproved inter-coat adhesion at concentrations above 3w %
reactivity for TEAZ was observed probably due to its greater
ion of concentration (Figure 2)
fying agents
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(Tabl e 4).
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Table 6 WARE results for Figure 11
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Based on those findings a SIJA screening experiment was
completed with Desothane CABB800 and Eclipse coatings
empleying the same two cure scenarios albeit that the
ambient cure relative humidity was increased tc B0%RH
10 (1.56wt%% alir moisture). The results are provided in
Figures 12 and 13. Reactivation employing either TR2T or
NPZ using a variety of solvent systems provided improved
levels of inter-coat adhesion under both cure conditions.
The extent of improvement was such that further
15 discriminatiocn between the alkoxides ana solvent systems
envloyed was difficult to assess, although introduction of
proglyde into the formulation as an 80:20 pblend did appear
to further enharce the performance. Iurther SIJA screerning
was also completed on Desothane CAB00C using >wt% NPZ and
20 several proglyde to n-propanol and isopropanol solvent
ratios as shown in Figure 14. Results using bSwt% NPZ
in a solvent solution of proglyde and either IPA or NPA
with 30 to €0 minute dwell time of the modifying agent
prior to overceat palint are provided in Figures 15 to 1B.
25 Figure 15 shows the rain ercsiocn results employing a 20:80
proglyde: IPA sclution for different dwell times and fox

“high” humidity (1.31wt% air meoisture) and “low” humidity
(0.22wt% alr molsture) cure scenarios. In all cases the

modifying agent treatment provided excellent inter-coat

3C adhesion to beth Desothane CAB0CC and CA8800 coatings with
sust the high humidity cure Eclipse providing fallures.
Figure 16a explores the effect of Desothane CABBOC cure
rates using reduced rate (CTR), standard rate (CT), and
fast rate (CT2) cured overcoats anrd a CTR cured base coat

35  employing the same reactivation treatment. For BAC70846
white over BACT707 gray good passes were obtained for the
CTR and CT thinners. The faster CT2 cured over-coat did
rot provide so good a performance (2/3 folls rated above
4) although 1t should also be noted that sanded alsc

40 failed under similar conditions. Wnen BACH1265 Blue was
used as the overcoat (CTR) and the BAC 707 gray opase ccat
cured with the different thinners (Figure 16b), high
passes were obtained for each of the cure rates. This
suggests that reactivation of the baseccat is relatively

45 insensitive to the cure rate {(thinner) empicyed in the
basecoat.

Figures 17a and b. documents the effect of higher

proglyde concentrations (40%) and the impact cf NPA or I[PA
as the alcchol in the 5wt% NPZ formulation using difficult
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tne caction rate with the substrate surface or ability
fer 1t to interpenetrate into the coating.

3C To aetermine if higher concentrations of modifying
agent would show even further improvements in WARE, NPZ
formulations up te Swt% (18.8 mmel/100g) with a solvent of
60wt? NPA / 40wt% proglyde were tested using CA8000
paseccat cured at 120F under low (3% RH, 0.22 wt% alr

35 moisture) and moderately high humidity (13%RH, 0.%5wt% air
mcisture) conditions for eight days. Various paint lines -
CAB0CC (Figure 19A), Gclipse ({(Figure 193), and Sky-Hulloc
(Figure 19C) - were used as overccocats. All feills (18/18)
passed using 5wi% NPZ, 13/18 fecils passed using 7wt%, and

40  only 10/18 passed using 9 wt%. The Sky-Hulle overcoat was
particularly discriminating with 6/6 foils passirg using
Swt%, 4/6 using 7wt%, and 1/6 using O9wt%. Overall, the
results in Figures 19A to 19C sucggested that the optimum
NEFZ concentration 1is near 5 wt% and the optimum alkoxide

45 concentration 1s near ¢.11 mmol per gram.

Preliminary shelf 1life SIJA data 1s previded in

Figure 20 and suggested that the modifying agent was not
regatively affected by storage under ambient conditions.
After three montns all of the solutions (stored in glass)



may be acceptabl e and probably not observed on pre- mask vinyl. considering
its lower susceptibility to swelling or when applied for short dwell tines
- 126 (15min).Alternatively, different solvent formulations can be
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typically uses paint [ayer thickness on pﬁp order of one nil or prenask or
| arge 5 body area applications where the palnt | ayer -thickness
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ard employing an rule ol mixtures end of
Proglyde / NPA [15.6, 5.0 and 12.0 &/cm? J, the proglyde /
NPA solvent blend should nct provide a supstantial
30 interaction with these types of materials.

In the c¢case of BMS5H-142 (pelysulfide non-chromate
sealant} welght gain reported 1in igure 21A was more
significant for MPK relative to the reactivation treatment
sclutions and corresovendingly the volume change in Figure

35 213 was also greater. Thnis result indicated a relatively
low interaction between the treatments ancd the polysulfide
sealant. After 7 days recovery all medifying agent
treatment solution immersed samples were within 5% of
their initial pre-treatment hardress, wnilst both the

40 water and MPK i‘mmersed samples were less than 10% softer.

3M31-71, CL1 (EPR}) elastomers provided tThe greatest
welight gain in MPX and material appeared to be extracted
by the reference solutions. Weight less on recovery in MPK
was apout 12% after 7 days compared to less than 4% Zor

45 samples immersed 1in the treatments. Correspondingly
shrinkage on recovery was greater for the MPK reference,
whilst the 7 day recovery Shore A. hardness at ~17%

increase was slightly higher than the 9 to 12% increase
for samples immersed in TPT or NPZ. Similar results in



concentration. However, stencil pull results were on the - 127 whole far

better than untreated with effectively a full Jletter present at a stencil
pull time of 60mn (simlar to sanded speci nens) where as untreated
specinmens only provided a full letter at a pull time of 30mn. 5 SIJA and

Rai n Erosi on Adhesi on Based on those str_ﬁ egies WARE foils were prepared
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remai ned "wabia1sopewhattigonger which presumably al so assi sted i n

pr gmg; ' ng Zuéf aC@oﬁJasm 9ahsaea%'rge%ac§ 'm'ebaer OQJ agwr% Rk 0 £ 0,3 Iéhteg
the co 4ng? i chi‘é% enc che aCch ?% o P 38 ?1 ehi cal
groups an Erﬁro %Eat epra*cess ?é\}g s 1 91]6 ]chnhsat FSWP&(EE wiea
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al koxi de pr?BrgfbnowaauV?ﬁ%_Cﬁwe apt mucn more than the resolutlion of
decimal ace palance) and generally much less than

water wnich appeared for most substrates toe be the most
30 aggressive. Weight gain for titanium was less than ~0.07%
for the treatment solutions re: 0.14% for water although
samples 1in the reactivation solutien did appear to be more

“tarnished”. This colour shift was reversed for 2024-T3
aluminium with water providing significant discolourazion
35 and weight change of ~1.2% compared with less then 0.1%
for the treatments. 2024-73 clad samples accunulated a

dull finish following immersion n water and less weight
gain comparea with the bare Al at just 0.8% increase.
However treatment solution samples produced less than a
40 0.05wt% increase. Weight gains for hign strength and
stainless steel Iimmersed 1in treatment sclutions were all
less than 0.02 wt% and similar to or less than for water.
Interestingly NPZ in IPA did not appear to tarnish high
strength steel the way the other systems (inc. water) digd
45 although this observation aid not translate irntc a
significant difference in weight gain. Sandwich corrosion
was tested according to ASTM 71110 with the results
provided in Figure 31. Without magnification both the
reference water and treatment solutions appear to previde
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Composite Interacticon
3 Immersion results Zfor several composite systems are

provided in Zigures 32 to 35 relative to MPK and CEEREE
vaint stripper. Samples were cut and immersed without any
edge taping &and as such, considering the small sample
size, represented a most severe imrmersion test since the
10 cut edges are reglons for easy treatment penetration for
example tnrough vores / fibre-matrix de-ponding from the
cutting process and more generally from the effective
“cut” surface to wvolume ratio. As gereral comments (1)
the CEHEBEE paint stripper appeared to be the most
15 aggressive tTowards all systems resulting in weight gains
in the 1.5 tc 4% range after a montkh dimmersion (ii)
generally 1lmmersicn in the treatment sclution also lea tc
welght gain rather than loss (apart from BMS8-276 with
SMS05), although in such cases the welight change was
20 generally very low (less than 0.5% for all composites and
about 0.1% for BMSB-276 with SMS05. In severa: instances
initial weight gain was larger {eg 24h / 7 days) with tnis
reducing after longer pericds of Iirmersion which may be
possible 1f some material was extractea from the system
25 over time or broke off.

Interacticon with Tapes
Preliminary tape interaction studies are provided in
Figure 36 and were considered cf critical importance to
30 application of the modifying agent technology for

decorative painting c¢f aircraft. Ir this experiment the
effect of tape line, tape ghosting, and IPA wipe to remove
resicaue were evaluated. In general no more paint wicking
was opserved for samples reactivated prior to/following
35 taping with generally crisp lines present regardless of
the modifying agent formulation applied. With TPT a

larger amount of modifying agent residue was expected
considering its effective concentration at 5Swt% was larger
tnan the NPZ examples (17.5 mmol/100g re: 1limmel/100g).

40 However no appreciable c¢hosting effects were obvious
meaning that even a ~ 1 mil overcoat thickness was
sufficient to hide the tape lines.

Interaction with Coatings

45 During production there remains the potential for paints
to be reactivated {eg through over-spray)] but not over-
coated. Considering that the process of reactivation
modifies the surface of the paint, there remains the
potential for some accelerated aging brougnht about via
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extent of qurgv%n%ﬂEb % SUCE ex ecbed Vcatoc coupecns at zero time
show some colour snift compared the untreated coupon at
zero bime. Samples reactivated with titanium were
slightly lighter and had a yellow / green colour shift
i5 prior to exposure. Cn exposure residue treatment not well
bonded Lo the surface would be anticipated to te removed
(washed away) due to the SAE J1960 protccol. This can
acceunt for the rapid charnge in delta ¥ after the
equivalent of three months exposure. FHowever, in both 3/6
20  month cases the samples were shifted darker and after an
initisl dreop in the yellow shift becamec more yellow at 6
months. Gererally speaking colour shifts for Zr based
modifying agents were less than the Ti based one. With
increasing exposure leading naturally to a slight
25 aarkening and yellowing of the ceoating not dissimilar Zn
magnitude To untreated samples.

Further performance
Further application o¢f the modification agent 1is
30  provided in Figures 39 to 41. Figure 39 provides WARE
results for «clear coated semples ieq paints without
pigment) either treated or non-treated prior =To over-
coating as well as the ZIZImplicatiocn of the effects of any
post-Treatment process such as wiping with a tack rag
35 prior tc over-coating. In all cases the specimens treated
witn the modification agent provided superior inter-coat
adnesion and on some occaslions superior Lo sanded.
Figure 40 orovides hardness measurements pricr to and
fellowing idmmersion in  hydraulic fluid. The results
40 indicated that the adhesion promoting mechanism 1is
compatible with hydraulic fluid with pencil hardness
values either approximately the same as or harder than
specimens left untreated prior to over-coating thus
providing another benefit.

45 Figure 41 oprovides Gardner impact test results for
treated and untreated specimens of various paint
thickness. The test is used for predicting the ability of

organic coatings to resist cracking or peeling caused by
impacts producing rapid deformation of the underlying



15 discrimnation between the al koxi des and sol vent systens enployed was
difficult to assess, although introduction of proglyde into the
formul ati on as an 80:20 blend did appear to further enhance the
performance. Further SIJA screening was al so conpl eted on Desot hane CA8000
using Swt % NPZ and 20 several proglyde tq-n-propanol and isopropano

solvent ratios as shown in Figure 14. Results using 5wt% NPZ in a sol vent
sol ution of prglxge gnggithgr | PA.or NPA . w th 30 tg 6C pinute duell tine
of the nodifyrig fagent” Hridrto o erPC?:qJé‘F':B'érﬁt_ Sard prvy ded®i Hloﬁilgdrle”g 15
to 18. 25 Fi gde 1 %%%mg?i-hé-"r?‘{siiﬁsé‘r osi‘on“festl t8&apl°dyi e aP20»80 2nd
progl yde: | PATSGIGt i BA®Fof - di fi%erent®dnel 'St i TS aRd 1for COTY gl hems didtty
(1.3l wt % ai r Heiest wrekawdE® .l ow' humidity (0.22wt % air noisture) cure
scenarios? In_all cases the nodifying agent treatnment provided excel | ent
inter-coat 3§ ; sot hane CA8000 and CA8800 coatings with
just the high MR sc providing failures. Figure 16a

expl ores thegeffect SO CAB8B00 cure rates using reduced rate
(CTR), standgrd ; ast rate (CT2) cured overcoats and a CIR
cured base cHATH BEr S sane reactivation treatnment. For BAC70846
white over 34 il s were obtained for the CTR and CT

thi nners. The gr-coat did not provide so good a

per f ormance @ fe 4) although it should al so be noted

t hat sanded & =LEe simlar conditions. Wen BAC51265 Bl ue was
used as the @verncoat- e e PAC 707 gray base coat cured with the
di fferent th;nﬁéii’@ : hi gh passes were obtained for each of the
cure rates. i @cactivation of the basecoat is relatively
45 insensiti it hi nner) enpl oyed in the basecoat.
Figures 17a @ ffect of higher proglyde concentrations
(40% and th@ i A as the al cohol in the 5wm % NPZ
formul ati on @sj It 0 over-coat systens includi ng Desot hane
CA8800 gray & i hi gh humi dity and CA8000 cured under | ow
hum dity con s excel |l ent passes were obtained with
little diffe@entiat e two types 5 of alcohols enployed. G ven
those result & ; ‘applied to high humdity cured Eclipse
base coats )usly shown to fail when exposed to Swt %

e 18a). In the case of fornulations 10
enpl oyi ng 6680 1PA ng ¢ obt ai ned when three cycles of the

hum dity protocol were used even when two application and | onger adhesion
pronoter d l.lioes. wer.e ' - | ow

hum dity welke suct ‘ Yot e es of the




15 high humdity protocol, however, did provide good passes. |n contrast
the 60% NPA formul ati on provided passes with three cycles of the humdity
cure protocol with 2/3 foils passing after only I x 30m n application and
with 2x 30 or 60mn treatnent solution applications 3/3 foils passed the
20 adhesion test (Figure 18c). Fron1th9§f esults, NPA perforned slightly
better than | PA for intercoat adhesion. is difference in NPZ

formul ations could be dune to (i) |longer dwell tine re: vapour pressure or
(ii) mxed =&atkoXidese fagmrddieztiad esacteosoed 41PA 1ed the 9o et 2Bsystem
not favouri V, o] C r tuitively one ht predict
that steno ﬁ?ﬁﬁgﬁﬁ%% ﬁ%t i §y %%ézéﬁiﬁégﬁﬁﬁcgﬁﬁéng%? &%ld% sygien1mh|ch
coul d reducethe hYeH‘r%faTeﬂtCPIbrﬁ$ ai’e’éﬁwtifltﬁee subst¥ate swrddoenrs abithiay: for
it to int erpc?é't%f@fr?g'ﬂf&nt@?e cgating. 013085&096‘5@{%‘%6%%&9?%5

concentrations of_ nodifying agent woul how even further | nprovenents in
WARE, NPZ fkbwmﬁlahwwﬁ% 9\&?% (A% B oAb g)e vk € B2 sol vent  of
60w--' b NPA'&(QM‘fé—T%PHQQ'd@%W&é)?&i ed, usi Ng-GARQOO; basecoat cured at
120F under (3% RH, 22 WMt % air 35 npjsture) and noderately high

hum dity (13@¥§¥ %r%ﬁﬁﬁ%&%ﬁ@ Ifpi S Ur'e)Clcoffdi ti ons for eight days. Various
paint lines - CA8000 (Figure 19A), Eclipse (Figure 193), and Sky-Hullo
(Figure 19C) - were used as overcoats. Al foils (18/18) passed using Sw %
NPZ, 13/18 foils passed using 7w-% and 40 only 10/ 18 passed using 9 w %
The Sky-Hullo overcoat was particularly discrimnating with 6/6 foils
passing using 5w% 4/6 using 7wt% and 1/6 using 9w % Overall, the
results in Figures 19A to 19C suggested that the optimum NPZ concentration
is near 5 wt% and the opti mum al koxide 45 concentration is near 0.11 mmol
per gram Prelimnary shelf life SIJA data is provided in Figure 20 and
suggested that the nodifying agent was not negatively affected by storage
under anbient conditions. After three nonths all of the solutions (stored
in glass) - 131 were precipitate free indicating a | ow | evel of hydrolysis
and hence pol ynerisation. Although the solutions were prepared in either
NPA or IPA it was not anticipated that the addition of 20 to 40% progl yde
woul d negatively inpact 5 storage stability, particularly since proglyde
can be obtained essentially noisture free. Ot her storage containers such
as high density polyethylene could be wused. The nodifying solution could
al so be stored as a two part kit, simlar to how nmany aerospace paints are
10 packaged, where one part would contain the NPZ either at 70wm % or at

di luted concentration and the second part would contain a proglyde/al cohol
sol vent solution. Sealant & El astoner Interaction 15 Seal ant and el ast oner

i mersion results are provi ded



in Figures 21 to 24. In those tests BMS5-142 seal ant was imersed in

nodi fyi ng agent solutions with | PA or NPA as the solvent for a period of
24h, whilst elastoners were imersed for 7 days and the chance in weight,
vol une and 20 hardness nonitored both during the imersion as well as on
recovery relative to MPK and water reference solutions. Figure 25 provides
i mges of the sanple following recovery and illustrates That the sanples
wer e not obviously eroded or negatively ﬁ%rrba_ct ed visually. Considering
that MPK has 25 solubility paranmeters of [dispersion, polar, and H bonding
[16.0, 9.0 and:datisJd/cnB], NPA [16.0, 6.8 and 17.4 J/cnB8] and enpl oyi ng
the rule of mxtures a 40:60 blend of Proglyde / NPA [15.6, 5.0 and 12.0
J/cnB], the proglyde / NPA solvent blend should not provide a substanti al
30 interactionlwi th theseectypes oof smtierdtalns;. almn atdhe ease. nefr:BMSh=t42

(pol ysul fide non-chr e eal an wej ght _gain reported in Figure 21A was
nore signifi c(g%?”f%(gn%l%l{a?% rg%ci@v‘léakf%sT e ?%a%}%(? Va ‘—ilblnn?r%%tar‘ren r:e%eolf utions
and correSpondé gt yng hendob unke chidrge ¢mt Fi geg es 852 USd wasoral sohag sater .
This result ingdicatedsa I_Iaﬁil athvel y; | 2om i L eraati on-betyeen the fseataents
and the polysulfide sealant, After 7 days recovery all nodifying agent
treat nent sol u?¥ of°FPret SBF SAnp¥ e3PRveY € i 3 hF Pl B8 of 2N hei F11 i ¢ al
pre-treat ment hasanessy adlst ot ddeghoymt ey ansh MK Aamessed warm es
were | ess than_10% softer. BMS1-71, CLl,éEPR el astoners provided the
greatest wei ghtCgat P TH° MBKC aid’ met &1 at Cappedr €t o B exftatt et " 1% he
referencelsol wxods:ide ghirtfoss oncthecgyvesy taMRAGtavast abotiorl 2% afier. 7
days conpared {_th)dl ess tha "43-Wfolrf145 sa Ier§,' mer (%(;j ine;t_he treatments.
Cor r espondi ngl V' CSRTT nkage” on TEEovEry- Was greater $0r The MNPK ref er ence,
whi |l st the 7 dayhaecoveryt Bhor ete harthesscatthad 79694 mict ease- wes- slightly
hi gher than the 9 to 12% increase for sanples inmmersed in TPT or NPZ.
Simlar results in - 132 Figure 23 were provided by BM51-71, CL2
(Silicone). During .ifnErsi'on, 3CREEF StaCeltiCalc 181 8o 1shofedNa cgr &8¢ Gptake

of MPK after THidiays {00 vweighd dnefease)eompaded 4 o theduddeat ment and
wat er solutions (-15% ), but. weight and 5 volune (<5% and hardness
changes (<10% were all simlar during recovery. BMS1-57 (Silicone) was

al so | ess suscepti bl e tometthedt merbrsiongt iton cuptiake ,t han wiRKh( 1206% wei ght
gain re: -90%._. Vel 3 une. | ing. T, were |.ass; 10 than
10% (typicall ?Cg%%r%;ﬂﬁé’lﬂﬁmy siif)lirslozh,1 d%{%%l %ﬁ)r esu Jg/lvé%/%'r\;as lclgﬁzie%pby

mat eri al extr &IV DUy P TARET SO HEHIHESE i rtreade oty dhieldr eat nent
sol utionsy upQk: TEGAY 85 Yr Wass AUt 2C% 1 Wi Staddio.MPKid/WasndiG%  The

| ar ger hardness increase cquld indi caé.e a Iarr%er 15 Sen i tivi tay of this

el astoner to t lt‘Faefa]t‘FFé%ttq%eoq‘:lﬁﬁ’on%o tum cyarborohydride; oordne ana

porane complexes; lithium aluminium hyaride; diisobutyl
aluminium hydride; calcium hydride; sodium hydride; socdium
bis {2 methoxyetnoxy) aluminiumhydride);and selectrides

25 such as K-selectride (potassium tri-sec-butylporohydride.

4. A method according to claim 1, in which the agent

which facilitates surface nydrolysis 1s an acid.

3D 5. A method according tc claim 4, in which the acid

is an organic or incrganic acid.

6. A method according te claim 5, in which the
organic acid is selected frem formic acid, acetic acid,
35 benzeoic acid, propancic acid, malonic acid, oxalic acid

and kemp’s triacid.



than to MPK, a commonly used cl eani ng conponent. However, the treatnent
solutions are typically sprayed on as thin filns rather than fl ooded or
wi ped on as is typical for «cleaning solutions so the 7 day soak of the
treatment 20 solutions is an extrenme condition. Metal Interaction Commonly
used aerospace netals were also investigated for weight change and vi sual
appearance followng 30 day 25 imersion_ in the netal al koxide sol utions
conpared with water (Figures 26 to 307.*§§ a general point weight loss or
gain was very |low (not nmuch nore than the resolution of the 4 decim
pl ace bal ance) and genefrakhkydnuebolkasscgt banclwater, whi clin appeared for nost
substrates t.o Qeatq% nost, %g aggr e ngg.aggight gain for titaniumwas | ess
than -0.07% for the fréatment S6FPutToffis®rFe™ 0. 14% for wat er al t hough
sanples in the reactivation solution did appear to be nore "tarnished".
This col our gshift was,r d 024-T L ni um, Wi waf ; i di ng
significantBdLscoIourétﬁéﬁﬁgg géggaéréﬁt“%h%%%gﬂgf’-gﬁg%%g%%€%$%d£%§¥% | ess
then 0. 1% f&ichhéacidatmeaessuzdr4e’ p3ighadosanpl e astdddtated a dul |
finish followng imersion in water and | ess weight gain conpared with the
bare Al at just 0.896incr§as§. However treatnent sol ution sanpl es produced
| ess than a-40 0. 05w % PREFBASBCCHEFGRE gRli As2+Brhi gh E+engthe and
st ai nl ess steekanmmessedlkentkredatnentrsahubi-onscueegualit ateds tbanuf. 02
wt % and sim.|ar . r.less than for water,, lnterestingly NPZ in, | PA did
not appear (OCPSFRPeh CRT gnY S0P BAQPR. CrGer "t R Ay  thesorHEr JayStshs (inc.
wat er) Wi d #5tabshoughhthingtebservaviion diddnetdt tans| aterintoeaate.
significant difference in weight gain. Sandwi ch corrosion was tested
according to ASTM 11110 with the results provided in Figure 31. Wthout
magni fi cati 6A-both t hd Mpefefepgecnated andctzEat hentn sol uth onse appear to
provide - 138icsurhaceidhsegl gurakiben-Whhnyt pHttingsLorapstifitthe
surf ace. Cbngosg%e gp eraqt|0n1§ mersion results foiﬁgﬁyeral conposite
systems are” pPovidEd PR EFguf ey 32 to"35°r GNALF V8’ 1 © And“CEEBEE  pai nt
stripper: Sanplésiwereacdt candatamersedmpithoutnanyheedge. t api ng and as
such, considering the small sanple size, represented a nost severe
i mrersion test since the 10 cut edges are regions for easy treatnent
penetrationlfer exanplectheduayhcebiess/teibralmati xidedborditee fromthe
cutting proggsscandiapresgenecratty shromiheceffectiye "cut” surface to
volume rat--c. As general comments t he CEEBEE paint strijpper appeared
e

to be the nbst"3S8Tagyf §§F€7%ntb%?%lé‘)a%\i?ds%i’%rﬁse‘f%%U‘F'“El?‘}ﬁjgtﬁ\a%"r%ht gai ns
intheZn5 tet4% it angecpfl ef t anfoBa} ht L IRRFSHOAcHVL ) it gemes al tystamersion in
the treatneB&t%?LEEéQth[Sge£gg~£Qethylhexyltitanate,
tetraethyltitanate, triethanclamine titanate chelate,
tetra-n-propylzirconate, tetra-i-prepylzirconate tetra-n-

butylzirccnate tetra-t-butylzirconate, tetra-t-

N
[Sgl

pentylzirconate and triethanclamine zirconate chelate.

12. A method according to claim 1, in which the agent

which facilitates light irnduced surface modificaticn is a

free radical initiator or a combination of a free radical
30 initiator with a tertiary amine and/or a meono or multi-

furcticnal unsaturated species.

13. A methned according to claim 12, in which the free
radical initiator is a visible light activated initiator.
35



wei ght gain rather than | oss (apart from BMS8-276 with SWMB05), although in
such cases the wei ght change was 20 generally very low (less than 0.5% for
all conposites and about 0.1 for BMS8-276 with SMB05. In several instances
initial weight gain was larger (eg 24h / 7 days) with this reducing after

| onger periods of inmersion which may be possible if sone material was
extracted fromthe system 25 over time or, broke off. Interaction with
Tapes Prelimnary tape interaction st udi s’ “are provided in Figure 36 and
were considered of critical inportance to 30 application of the nodifying
aﬁent }fchnoh?gy for ?g@@@&hbwea@@b&hﬁﬁ@ ek ghﬁgﬁaﬁg kR hhh&hexﬂ@rinegt
the effect o pe - :ln t ape t.i ng,. an wi.pe to remove residue
wer e evaluate&'lﬁﬁ‘ | %ﬁf%ﬁﬁ (% ﬁﬁ%ﬂﬁ Ag s S5Eervved for sanpl es
reactivated p:rclrr@trhcirmjdioidrmmmgi er\@vagaaMtthha@@der aldny cottiesprle pes!
present T egargll.ass. af, o4 he,Jidid; y'cp%tggﬁ%tmln%rb%lz% ranqgRal Leg Wth TPT a
| ar ger ampunt fyi ng agent” resi expec considering its
effectlve5coﬂé@#ﬁﬂ%ﬁﬂQﬂP%Hﬂaﬁmﬂ%aMﬁﬁﬂhyﬁgéﬁesthan t he NPZ exanples (17.5
mol / 100g re: 11mrol /100g). 40 However no appreci able ghosting effects were
obvious neaning that even a 1 m| overcoat thickness was sufficient to

hi de the tapéd-ines. | At BFAECF0RCKMOERIC8atPngd 248 Deri g pFédlict-ien there
renmai ns the petentisl dﬂﬂhdﬁyﬁﬁﬁ:wkps@adaﬁaﬂlﬂﬁﬁeﬂl@e@¢Hﬁ&Q@gh over - spray)
but not over - oated CRtﬁlderl hat t he pr ce%%ﬁ reactlvatlo

modi fies the S “of eopal PRere FERYIRE TY3Grént (&I For sone
accel erated ang@zbﬂ@ugMWﬂaMme~mmmemn@341 éwwumammemnaM1hacB@bs such as
heat, wat er i coupons painted with a
white basec@@ﬁ %gfe Sib qﬁ%@ égmenygégéigéﬁke% aglng according to SAEJ1960
protocol s enpl oying a weat heroneter. Figure 37 5 provides the change in

colour (deltagf) over hinpechay sceupensqtreated:w th ”99'&%&69 agent,
sanded, or untreated relative to an entreated, palnfe coupon stored in

the dark and@teasiréd at each e EneleMBRC CBoth GRLPEAEEd (18R sanded,

WV exposed sarplestshowed teel-eun ashisf anvwalaues 1k6iikest.he range of one del ta
E unit during the experinent (see Figure 38). As expected treated coupons

at zero tine show sone colour shift conpared the untreated coupon at zero
time. Sanpl esr.eacti vatedewhth Ebtamﬁﬂngm@oeclshmghtlynlwghtérthﬁd had a

yel | ow / gre%gdqq@qgr %%Eeﬁ 13 B n%o %XBQSU%gun@nw%¥BO%H e Lesidue

"treatment not wel sur ace woul d be anticipated to be
r enoved (ma§h§@1§wéy)a@@étt8 pHe SRE2PPH60 2Proee6H. °rThi§ ¢ah3laccount

for the rapi dcchanged Rrdekbaniraktieh biesceqehvabent agknthree nonths
exposure. However, in both 3/6
18. A method according to claim 1, in which the
modifying agent is prepared in-situ from its constituent
compeonents.
25
18, A method according to c¢laim 1, in wnich the

sclvent i1s selected from an corganic solvent and water.

20. A method according to claim 19, in which the
30 organic solvent is selected from ester based solvents,
ketcnes, alcohols, ethers, amides, arcmatics and

nalogenated solvents.

21. A metheod according to claim 18, in which the
35 solvent is selected from ethyl acetate, ethoxyethyl

acetate, isopropyl acetate, tertiary butyl acetate; methyl



20 nonth cases the sanples were shifted darker and after an initial drop
in the yellow shift becane nore yellow at 6 nonths. Cenerally speaking
colour shifts for Zr based nodifying agents were less than the Ti based
one. Wth increasing exposure |leading naturally to a slight 25 darkening
and yell ow ng of the coating not dissimlar in magnitude to untreated
sanpl es. Further performance Further ap Ibcatlon of the nodification agent
is 30 provided in Figures 39 to 41. Fi e 39 provides WARE results for
cl ear coated sanples (eg paints without pignment) either treated or
non-treat edppbbol keteWer-meeallngmas W@erqél$ &@@hynpis@@hypnk@torﬁ@ﬁ

ffects of t ment ck rag 35
ot i or o ovEr GYR PHOY | RCR T CCaEEe R SHEETRBRG. 11 CATBHT WP ER 1

nodi fi cationragentlprovbdedesupéri bntanter - teatiaaghestancand on sone

occasi ons 558‘3%'@?% &foé@g%g E'c%‘ﬁgpﬁo 9&0 ﬁ?]rﬁﬁédé’etzéoﬂ?aéﬁ'ée@e”ts

prior to an ng I Mmefsion in rau e results

i ndi cat etl t RaKYthét aaﬁésréﬁrﬁPénDFPH@aﬁﬁ@ﬁ%ﬂv§ﬁ¥tshc%ﬁﬁ%Ylble with
hydraul i c fpyi-dowk thnpeachhghagdaess values either approxinmately the sane
as or harder than specinens left untreated prior to over-coating thus
provi di ng anot her benefit. 45 Figure 41 provides Gardner inpact test

results for22treated @naetwﬁde@@@mk§p@@im@n§w4ﬁmva@jciﬁ Jaai it i ckness.
The test is used redlctlngFthe abilit t|n s 0 resist

o]
Cracking or Botrnhg . EatesH By T rRcaS. BHOMIRY HESE Sor HCRT O HRET b of the
under | ylithg EBhaom/that iaeynndtﬁylagetmte, dippeubgsn®fol%eopalnt and pai nt

conbi nati ong ﬁ&tn tng@llf ropaNel g ﬂggénoi 436 ahd i Wdd be o

appreciated g pe sons’'s i the art nuner ous vari ations ‘and/ or
modi fi cat i oAsPHEYBe: naﬁ@bﬁbﬂﬁ@he favent? on kst anoln Farthe specific

embodi ment Sbw;ah@ut eﬁlﬁe@@ytéﬂ@aﬁépnaﬁ@ﬁoﬁpé¥m§/l@éx§r@@pe Ofnfhend nvention as
5 broadly descrlf . Eresent enbo |nean are, ferefore to be

consi dered 9n¥gf ?%%ﬁ%%? YhsCERT usEr At F vk ahdt Mot restrietive 2 N M 1.
A net hdd of 1acbrvating and Agedn-op: mmmw@lpr@amW@pyrémégI@pdrkenhance
adhesi on of _the cog%qnghto a, furtgeier?égpatlpglTl nd/or {o other entities

r 1
sel ected from adhes! ves éanan hore FITTers: ﬁ%Lpﬁessure Sensitive

decals or ﬁ@@@@pﬁbﬁ©¢gsl©@—ap@¢@bn@&@iQﬂﬁ\ﬂﬂﬂr%ﬁKhEpEMN&QK%%Ilglyme,
tetrahydrofuran: dipreopylere glycol dimethylether;
methylethyl ketone: ethoxyetnyl acetate; methyl amyl
20 ketone: ethoxyethyl acetate; N-methyl vyrrolidinone: ethyl
acetate; etnyl acetate: benzyl alcohol; dipropylene glycol
dimethyl ether: polyethylene; and methyl propyl ketone:
methyl ethyl xetone.

25 23. A method according to claim 1, in which the
solvent 1s present 1n ar amount less than about 292.9899% or
apout 80% to about 9.99% based on the total weight of the

cembination of solvent and agent.

30 Z4. A method according to claim 1, in which an

additive is also applied to the organic coating.

25. A method according to claim 24, in which the
additive is selected from rheology modifiers, film
35 formers, wetting agents, surfactants, dispersants, anti

foaming agents, anti corrosion reagents, stabilizers,



chem stry and/or surface topography nodi fying agent which facilitates
surface reduction, surface hydrolysis, surface oxidation, surface exchange
or transesterification, light induced surface nodification and/or adds
chem cal functionality to the surface of the organic coating. 2. A nethod
according to claim1l1, in which the agent which facilitates surface
reduction is a reductant. 3. A nethod according to claim2, in which the
reductant is selected fron1sod|un1borohy&ﬂﬁde lithium borohydride,

pot assi um borohydri de, zinc borohydride, calcium borohydride and al koxy,
acet oxy and/ Qrex@MiNG.g defdrital,i vesridierLofyyesoditmieyanberohydri de; borane
and borane conpl exes: |ithium alum nium hydride; diisobutyl al um nium
hydri de; cal ci um hydri de; sodi um hydride; sodium bis(2 methoxyethoxy)

al um ni unhydrdale) ; and S&elrr@ﬁthbidd%&c%&dilﬂ@;h tas cKasel Qc;t,r iige whpehassieum
tri-sec- butbeorq?Xgrld 4. nethod accordlng to claiml1, in |ch t he
agent  whi ch Faci 14 Tat'es S Face Ry @ bIFEI RS £ an &8 7% R Mt
accordi ngot o edsganady thre whiteh Whﬂ(ﬂmﬂ(¢fIH?GMEQmQyﬂMHJQM'qfn@mga@m¢ aci d.
6. A nethod aQﬁpﬁdhm$1é&dyji in which the organic acid is selected
fromformc acid, acetic aci 35 benzoi ¢ acid, propanoic acid, malonic
acid, oxalic aC|d and kenp's trlaC|d - 138 7. A nethod accordlng to

claim5, in which the Alﬂ@&g@@lgc@@w@lhg phosphoki ¢saciid. 8.icA reE:hod
according to claim1, in which the .a 5 whi ch faC|I|tate surface

oxi dation is & V6Xidartee’d. RGERdd &&P&%@f@& “aifh®8 2% 1 ch t he
oxi dant 18 seliecteed SinamttaneelsQrgi seeyamirizC 1§cicd, ssedirtme 1Ry pochl orite,
hydr ogen peroxi de, potassium permanganate, 10 potassi um chromate, periodic
acid and lead tetra acetate. 10. A nethod according to claim11, in which
t he agent wWWiSch faci | At atescsuefacedexghénge enmt Pdnsest ehiithcabeon is

al kyl titanat g, %%%%'th%%%%t%n%h%b%_%uv%'&%brzb&%%%ﬁkeave_%oﬁhKEBZ'rconate
the-ate or conbinations thereof. 11. met hod according to ¢claim 10, in

whi ch the a@émP%M%999W%%¥IF%é%%%f%ﬂﬁ?é%éaéx@ﬁéﬁdétdpn £F&RSEEPEri fi cation
is selected fromtetra-ethyltitanate 20 tetra- |sopropylt|tanate
tetra-n-propyltitanate teL a-.n- butﬁLtit nat e %ra 2- ethylpe§¥£titanate,

tetraethyl titanate, triethansfafihg tifdn PecéﬁéWa oW
tetra-n-propwbiwmmmnaweenmeEmdrbdpnmpwbzwh@@n@tesEetra{ﬂ-abpﬂybﬁiN¢anate

tetra-t-butyl, atgpn?%gg tetrna- tk%5f%en5ygé|rcqggge %gq¢%&tehh%golanine

zirconate ché ‘'met héd according 6 cla the agent
whi ch facili tcatrég i, ghtlcichdude@vsurfiade @B@ﬁﬁﬁ@apﬂoﬁomblﬁatﬂpéé r adi cal
initiatoggor (a-ceppination of a free radical 30 initiator wwth a tertiary
am ne and/or a nono or mnulti-
30. A methed according to claim 1, in which the
organic coating is a pelyurethane, epoxy, polyester,
polycarbonate and/or acrylic coating.
25
31. A method according to claim 1, in which excess
solvernt and/cr agent are removed by sclvent or water
rinsing; dry, water or solvent wiping; air or gas knife;
vacuum application; squeegee; and/or natural or forced

30 convection evaporation.

32. A coated substrate having an activated cecating,

wherein the adhesion of the coating to a further coating

and/or other entities selected from acdhesives, sealants,
35 pin hole fillers and pressure sensitive decals or 1o0gos

nas been enhanced by application of a solvent and a



functional unsaturated species. 13. A nethod according to claim12, in
which the free radical initiator is a visible light activated initiator.
35 139 14. A nethod according to claim 13, in which the visible |ight
activated initiator is selected from canphorqui none and derivatives

t hereof ; benzophenone and derivatives thereof; diethylam nobenzophenone;
and 5 phenyl phosphi neoxi de derivatives. _i5. A method according to claim 12,
in which the tertiary am ne agent i s selfécted from N, N-di net hyl

tol ui di ne, N, N-di net hyl am no et hyl net hacrylate, nethyl 10 i m dazol e,

NNN' N t et r apetdiylcel cdcbutanre diranbresandzce topograpny modifying
NNN'N'tetragethylg en I%nedkagine. 16.. A netgod;according toclaiml2, in
which the G- FUACTT ORAI " dn8atdr SPEdTEFecPERCT $°8el BRFEA°From 15

acryl ates, hethacryliat escandcacoyldatdes, blrfAcaeeRodaageprdiapgtto cl aim
1, in which. i £yl ot-. 1.5, S LN . : e than about

0 001% or _aBOGE 60T L6 aboE 505 bascd b4’ Phe Carar b ugt ght of the
combi nat? on feficsérvent-tandcagent sutgaca abdt hod acesdrdrngotoiefaim 1, in
which the nodifying agent is prepared in-situ fromits constituent
conponent s. ﬁ? 19. A nethod“aggording to claiml, in which the solvent is
sel ected from-an orgafi €-8dFvehf aRECHALRY . L0201 R nét hoth d¥ebfdi N t o
claim 19, isubkicehtthes30 oegani ccsabyentel spsekectedefsomresterrbased

sol vent s, k% Qnes. alcghgls et hers am’dgsb acromatics and hal ogenat ed
sol vents. 2T A mBth6d 5ecBrifngdtaSeral'iv19°%i n®Rhich the 35 solvent is
selectedd from ethyl acetate, ethoxyethyl acetate, isopropyl acetate,
tertiary butyl acetateg; -1 o4 | one, y. . ket.one,
nmet hyl isoaﬁyr ketone?n %gégﬁ%te?%ygrig%%%%f %%%a%%l?yﬁ%?ﬁg£§%41#§ &

et hoxyet han8Pl2nacepprapandP? PSoprepanslinputansl furereraryabutanol ,
secondary buytanek, -et bByhenecand;. propyteng-ghyeohs amd=$1.5s5 al kyl ethers
t her eof , tetrapéd[ofuran,‘N—ne%hiL pyrr l'i di none and water. 22. A nethod
accordi ng t 38R 19P 1 n @A ch™t h8~ > sBIVeRf P EUES cHRDT hat YondoFa s

di propyl®eneogl yocobsdeomephykirdOaesbherenttendi aryubtityd acetate;rydi propl yene
gl ycol dine |, .et her:_Lso - t han et hanol ,

n- but anol , %gééﬁgaggrfa§§c§%§§?€9%5¥2%@??9?25%i% éﬁgbﬁ%%%%l, et hoxy et hanol
and/ or et hyFhexahbitedt Byréaec pegeoliamnorer hyte et herol et hanotyr iethanol ,
et hoxyet hangki 41 b80PEQPanel apdhofoa: pr opanol ;4.dips opyl enegl ycol -

medification and/cr adds chemical functiornality to the

20 surface of the crganic ceoating.

35. A method for the preparation of the activatiocn
treatment according ¢ clailm 34 comprising the step of
mixing the sclvent with the surface chemistry and/or

25 surface topograpny modifying agent which facilitazes
surface reduction, surface hydrolysis, surface oxidation,
surface excharge, light induced surface modification
and/or adds chemical functionality te the surface of the

organic ceoating.

30
36. A method according te claim 1, in which the agent
which facilitates surface exchange or transesterification
is a metal alkoxide or a chelate thereof.

35 37. A method according teo claim 36, in which the

metal alkoxide or chelate thereof contains a metal



nononet hyl et her, di propyl enegl ycol - nonobut yl et her, and/ or

di propyl enegyl col ; conbi nati ons tetrahydrofuran: triglyne;

t et rahydrof uran: di propyl ene glycol dinethylether; methylethyl ketone:

et hoxyet hyl acetate; nethyl amyl 20 ketone: ethoxyethyl acetate; N nethyl
pyrrolidinone: ethyl acetate; ethyl acetate: benzyl al cohol; dipropyl ene
gl ycol dinethyl ether: polyethylene; and nethyl propyl ketone: nethyl
ethyl ketone. 25 23. A nethod according €d3craim 1, in which the solvent
is present in an anount |ess than about 99.999% or about 80% to about

9. 99% based @R the dotalomei-dhis0fsat hen cambi nati o of,sselvent apd agent.
30 24. A netde according to claim1, in which an additive is also applied
to the organi€’coati Hgr 2%. 2A%Ethod according to claim24, in which the
additive is selected fromrheology nodifiers, film35 fornmers, wetting

agents, surfagtants, sper sant ant.. foam ng.agents, anti corrosion
reagents, sté%rlizers,h-g%ﬁﬁgul%ggpfﬁﬁagaggn gglgiggén §,W8§8§ éha Lew s
aci ds. 269 Amggthod l&doxoddi vy ttaedkaiemt24rcod whnchinkea &ddiupi & is
present in ap.angunt of |ess than about 10% 5 based on the total weight of
t he conbi nation of solvent, agent and additive. 27. A nethod according to

claim24, in which the solvent, agent and additive when present are

applied 10 eigther sinmul hapeguskycosaquenthbakhyQr3geparalgbyn 28« A nethod
according to claim?24, in_which the solvent, agent and additive when
present are SpPliPed? SEhilt AnéGHsEy itH Enélf6FAaf 2aKO¥dErvALi 6n treat ment .
15 29. A met hodcaecamdiangokaodel.ai m 26, in which the solvent, agent and
addi ti ve when present are applied via a spray, brush, dip, knife, blade,
hose, roller, wipe, curtain, flood, flow, mst, pipette or conbinations 2C
t hereof . 30. 4A.nmet hod &ActektdpngatoocHanm Lo thawhi ¢h, t he worghntbecoati ng

i s a pol yurethane, ,6PaXy.oxRAkY8St 6h »coPQLYCan Ranale aadLok acLykic coating.
25 31. A nethod according to claim1, I n which excess solvent and/or agent

are renoved bylsplvEhinatcvare? teihdifgse drylziWbE@rae?- sol vent wiping; air
or gas kmife; vacuum application; squeegee; and/or natural or forced 30
convection evaporation, 32, A coated substrate having an activated coati ng,

wherein the Adhesion of FRePEBafFRg o8 Forther™colting “And7 or "Bt her
entities sel eeted-fromiadghesivesatsealkantsra3b, pehkhol eitcbhets and

pressure sensitive degahs oL l,a9as. has-heen gnhagced by agplication of a
solvent and a -
20 42. A method according to claim 41, in which the
tetra-propyltitanate or tetra-propylzlirconate 1s tetra-n-

propyltitanate or tetra-n-provylzirconate.

43. A method according to claim 36, in which the

25 metal alkoxide or chelate thereof is present in an amcunt
of less than 20%, less than 10% or 3 to 10% based on the
total weight of the combinaticon of sclvent and metal

alkoxigde or chelate thereof.

30 44, A methed according to claim 1 or ciaim 36, in
wnich the solvent is an alcochol or ether or combination

tnereof.

45, A method according te claim 44, in which the
35 alcchol is selected from an alcohol having a molecular

welght of less than about 150 and the ether 1is selected



- 142 surface chem stry and/ or surface topography nodi fying agent which
facilitates surface reduction, surface hydrolysis, surface oxidation,
surface exchange, light induced surface nodification and/ or adds chem cal
5 functionality to the surface of the organic coating. 33. A substrate
according to claim32, in which the substrate is a netal, conposite,

pl astic, elastonmer or a material containing, glass, wood or fabric. 10 34.
An activation treatment for an organic €6ating to enhance adhesion of the
coating to a further coating and/or to other entities selected from
adhesi ves, seahanksctpier hehenti bl gbscandapressyne sensktkvendecabsut15 or
| ogos conprbéing a solvent and a surface chem stry and/or surface

t opogr aphy grfying agent which facilitates surface reduction, surface
hydrol ysis, surface oxidation, surface exchange, |ight induced surface
Todi Ty catlongand/ of addac eher GaLoLunghi onaLiLY,! st e, 20 puk Fage of the
organi ¢ coating. 35. met hod for the preéparation of the activatron

treat nent a@eordicrgitoselacive84 feonpipsbngrehelspepnopropeRphganfietBel vent
with the surface cﬂge@i@tregsy@e%%_l§é0§uaﬁﬁ@%hy9p@95éphy modi fyi ng agent
which facilitates surtace reduction, surface hydrolysis, surface

oxi dati on, surface exchange, light induced surface nodification and/or
adds chem cal; .functi opahktyckoatbersurnface of athessor ganigi eoatisng. 30 36.
A et hod accord{ng toclaim1 %n mhigh.the agent which facilitates
surface exchEngE or “tr anS8YPEFPF 88t Pon® SPETSCRBPAI ©al RoRFAR2BP a2 Rfel at e
t her eof 10 35d3¢rocAyarenhodlaccor dimgthglckarar36, in which the netal

al koxi de or chel ate thereof contains a netal ............. 143 sel ected
from G oups 4A, 5A, 3A, 4B, 53 and 6B, Li Be, My, La, Fe, Zn, Nd and Gd.
38. A nethod8accordi n§ T8tePai AF87Prdingwhbchlehe 43, neravnafkokide or

chel ate theG@QEoggméaén@lgc§ﬁ059mééhyMEé@her395 A-oethod; acgergingnto claim
38, in which _the G{oug 4A nmetal alkoxide is a titanium al koxide or a 10
zi rconi um aPkoxFdé. t46"” A’rethod®attof BF ng2 6% cPRI A B9COF Al WhE EB E net
titani um al kaxi dembrnztieancamiabkexspdeocl sca theprap&lol Sabkyltitanate or a
tetra-C _8aL§¥inr§oHate, %514EiwAhge£ho€hgccording to cla-m 40, in which
t he tetra-&L_BaP%yF tifarate or'tetfa-C _e5lky| zirconate is

49, A methcoa accerding to claim 36 or 44, in which an

additive is also applied to the organic coating.

20
50. A method according to claim 4%, in which the
additive is selected from rheology modifiers, film
formers, wetting agents, surfactants, dispersants, anti
foaming agents, anti corrosion reagents, stabilizers,
25 levelling agents, pigments, dyes and Lewis acids.

ol A method accoraing to claim 49, in which the
additive is present in an amcunt of less thar about 10%
basea on the total weilght of the combination of sclvent,

30  agent and additive.

52. A metnod according to claim 4%, in which the
solvent, agent and additive when present are applied
either simultanecusly, seguentially or separately.

35



tetra-propyl zirconate or tetra-n-propyltitanate. 20 42. A nmethod according
to claim4l, in which the tetra-propyltitanate or tetra-propylzirconate is
tetra-n- propyltitanate or tetra-n-propyl zirconate. 43. A nethod according
to claim36, in which the 25 netal al koxide or chelate thereof is present
in an anmount of |less than 20% |ess than 10%or 3 to 10% based on the
total weight of the conbination of solvent and netal al koxide or chelate
thereof. 30 44. A nethod according to clafm 1 or claim36, in which the
solvent is an alcohol or ether or conbination thereof. 45. A nethod

according tosgl.ai m 44, Alﬂewhb@hagesrd§5gal50@95 isssel ected; £y oppan al cohol
havi ng a nDIec | ar ght of less than about 150 and the ether is selected

- 144 from A ¥?Hér REVng2adnbFPechildP WERPGhPTBECNes8TEhaRPabBit 3CD. 46.

A net hod accetdungzhecckaymid45chienfwhinchrt e 5cak ¢ehobni srsgkgeted from
i sopropanol or n-propanol and the ether is dipropylene glycol dinethyl
ether. 47. A nmethod according to claim46, in which the solvent is a
conbi nati®on 6#.i sopropanoétbednapropanoy andcl aﬂmdﬂbropylem3c@lym@l

di met hyl et h ha,m. 44
i met hyl et Echéﬁ dlﬁg§h909n§C88&¢L99etOhc?akz‘scnt are ao%% ?§Sg1§h%n 50%

di propyl ene g her i s presen an anount
or 20 to 40%based @ﬁuﬁhe @@PalkQEkghtbbﬁdGISHDh@rCOﬁblﬂatlUnoaf

i sopr opanol @ﬁreapﬁop@ﬂebdanglgkprﬁpgkemﬁlgéyegl nggﬁﬂyhaétgﬁé 49. A
met hod accordlngato ciaim 36 or : dditive 1s also applied

to the organFc€EBating. 20 50. A nethod accordlng to claim49, in which the
additivelgs sel ected fron1rheo|ogy nodi fiers, film forners, wetting
agents, surfactants, Aspersants anti, corrpsion

% foamr1 a%ﬁt
reagents, staBilizers, 25eTe9%l???@F Heht SO iﬁ%ﬁﬁe Ody®r and Tek#s aci ds.
51. A nethodthecordangctOOEtamg1ﬁ@ al pobehtthee, addbk iy vepdSypsesent in an

anount of Iegébgggpbsggﬁ% %g%? paggg%gycthga% 0%! wei ght of the combination

of sol vent agen IVe. according to claim49, in
whi ch the solvent, agent and additive when present are applied ei t her

si nul t anepusby, sequer\z&lr@é&ryo@ra@@cp@aa% | Yo 3Baim 145 0532 A fethod-y
according to claim52, in which the solvent, agent and addi tive when

present are %ﬁﬁ??%dso%VﬁﬂFtﬁﬁﬁéﬂél?6?%“t%%ef6$ﬁ?6?gamya%?}V%%?O%Ftreatnent
5 54. A nethedtaccoidsngot odebai waddr on whiednt heiping:; air or gas

knife; wvacuum apoplication; sqgueegee; and/or natural or
forced convection evapcraticn.
20
57. A coated substrate having an activated coating,
winerein the adhesionr of the coating to a further coating
and/or other entities selected from adhesives, sealants,
pin hole fillers and pressure sensitive decals or logos
25 has been enhanced by application of a solvent selected
frem an alcohcl or ether or combinaticen therecf and a
surface chemistry and/or surface topography modifying
agent which facilitates surface exchange or
transterification selected frcm a metal alkoxide or a

30 chelzate thereof.

58. An activation treatment for an organic coating to
enhance adhesion of the coating te a further ccating
and/or to other entities selected from adhesives,

35 sealants, pin hole fillers and pressure sensitive decals

or logos comprising a solvent selected from an alcohol or



sol vent, agent and additive when present are applied via a spray, brush,
dip, knife, blade, hose, roller, wpe, <curtain, flood, flow, mst, pipette
or conbinations thereof. 10 55. A nmethod according to claim36 or 44, in
which the organic coating is a pol yurethane, epoxy, polyester,

pol ycar bonate and/or acrylic coating. 15 56. A nethod according to claim 36
or 44, in which excess solvent and/or agent are renopved by solvent or

wat er rinsing; dry, water or sol vent mﬁgrﬁg air or gas knife; vacuum
appl i cation; squeegee; and/or natural or forced convection evaporation. 20
57. A coat ec: tsuhstoratcenaviang can taetricvdt atdcaatungazcewneeai sti-he adhesi on
of the coat%%%/eg %HEQ%E%eE %%agLn% an @_ri%th%re%@t%%ggs sel ected from
adhesi ves, seal’'ants,”” pin WO e T &r §%4n yprgss r&-sénsitive decals or

| ogos 25 had dhedn terleanced ey capplcheagieor rofi ransekvent. fsebkecbed from an

al cohol “or efherior: canhi nati.an i Rereghqand.a, suphace chemhglry and/ or
surface topography nodifying agent ich facilitates surtace exchange or
transterffication selected froma netal al koxide or a 30 chel ate thereof.
58. An acti\ation treatferhohoroantaegapbpaggat bAgotorhenhanceaadbgsi on of
the coating to a further coating aqd[or5§o other entities gelec_ed from
adhesi ves, 35 “§&&ICANt §CORITH RS €°f (1 Péfs "AnG°PPEsSurd 56RsPEFYedecal s  or

| ogos conpr irgixigga t$el veitresel edtead theosuataakcohetisary- atB6B3oret her or
conbi nati on t hereaof .an rf .chem stry . and/ surface_topography

modi fyi ng a&éﬁ?%%%igﬁp%gggiﬁgtgﬁgé* g??a%gggic gﬁgé 6Fcfiaﬁ%é§$erification
sel ect etll f r srard amet alxchkkgr de oraasehebatéirhéreof. 5 59. A nethod for
the preparation of the activation treatnment according to claimb58
conprising the step of mxing the solvent with the surface chem stry

and/ or surface topography nodi fying agent which facilitates 10 surface
exchange or transesterification.





