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AGENT FIELD The present invention relates to a nethod of 5
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or gani ¢ cwetnegsescoat ed substrate having an activat egdcrodazoosgoertd an
activation treatnent for an organic coating. In particular, the activation
met hod inproves the adhesion of the ofgantc 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, chemcal attack and from environnmental or in-service 15

degradati on. Organic coatings are also used to enhance the
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The surface properties of many coatings dramatically

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 phenomenon 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 process 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

performance requirements when fresh layers of coating are



the aged coating. Both chem cal stripping and nechani cal abrasion have 10
limtations. Mechanical abrasion is |abor intensive, the reproducibility
is vari abWe,20@n36828 i s ergonomically costly due to the RCcgmuzoosenpat7nti ve
and vibratory nature of the work. As such there is a pressing need for the
devel opment of a surface treatnent to knprove the adhesion 15 of aged or
inert industrial organic coatings towards additional coating |ayers or
other entities, for exanple, adhesives, sealants, fillers, stickers and
the |like. Coating manufacturers have devel oped a nmethod of inproving the
procedure of coating stripping through the 20 devel opnent of barrier
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practi cal dltfnh eledi esatdsgoci ated with this strategy, particularly in
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resultlng IQH%%§¥¥E§“t llﬁ%océﬁ%re of coating stripping through the
20 development of barrier layers and intermediate coats
which, for example, protect the primer and conversion
coating of metal structures from the chemical stripping
agents (US 6,217,945). Although this procedure would
reduce the amount of infrastructure down time, it still
25 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
coatings using UV light to generate ozone. Promising
30 results in terms of improved adhesion and reduced water
contact angles were produced when paint formulations
incorporating TiO, were subjected to H;0O; and UV light.
However, there are obvious practical difficulties
aggociated with this strategy, particularly in terms of
35 its commercial viability for application in areas
susceptible to corrosion and for treating larger surfaces.



foundation for fresh coatings to adhere to. Furthernore, the latter
strategy is also unacceptable for activating |arge areas due to corrosion
and heal tWwoanab/msesf28t y 20 consi derati ons. O her strategi esTiav2bdesotizol ogi cal
field have enployed free radical techniques to graft nolecules onto the
surface of bionedical polyurethane surfaces (Matuda et al, J. Bioned.
Res., (2002), 59, p386; Eaton et al, 25 Biomaterials, (1996), 17, pl977).
Al t hough comercially viable, the main difficulty with this strategy lies
in pronoting actual grafting of the substrate. Controlled glycolysis or

am nol ysis as described in Polyner Engineeri & Science 78)., 18, p844,
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the latter strategy is also unacceptable for activating

large areas due to corrosion and health and safety

20 considerations.

Other strategies in the biological field have
employed free radical techniques to graft molecules onto
the surface of biomedical polyurethane surfaces (Matuda et
al, J. Biomed. Res., (2002), 59, p386; Eaton et al,

25 Biomaterials, (1996), 17, pl1977). Although commercially
viable, the main difficulty with this strategy lies in
promoting actual grafting of the substrate.

Controlled glycolysis or aminolysis as described in
Polymer Engineering & Science (1978), 18, p844, and J.

30 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) ,
67, pl59) is also not appropriate gince they are highly

35 toxic and act too slowly at room temperature.

The strategies disclosed above do not adequately

address the need for the development of a surface



whi ch are not known to be excessively corrosive, acidic, basic or toxic
and are applicable for use in highly regulated industrial environnments.
One exanpWe 2006/Be828 an environnent is a comercial air ecafAvzp@ioobo7hangar .
30 Additionally the mld reagents used in the preferred application

met hods do not adversely affect the bul ¥ -aircraft coatings, or underlying
coatings, such as priners or selectively strippable coatings, or
underlying substrates, such as al um niumand conposite. 35 Advant ageously,
this method no |l onger requires the traditional nethods of nechani cal

abrasion or chem cal stripping of an_organic coating to.inprove i
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i nventi on provides a coated substrate having an activated coating,
wher ei n t heresefleedion of the coating to a further coating and/or other

entities has beep. ephapsede byn@epsi6adi thaef 8fsahyeptriandarta surface

chem stry and/or surface topogra modi fyln age e, oAt 15 The
sol vent andP¥hbl GReRPnky Bﬁeaéb$£é@1%?ih§?eggiﬁgl?%ﬁ%gﬁé ngsgéhgg?fally
or separat ekych Advenéageodsty, nbtecsnbvibhtitanant Admagenonapé appnPed to

t he organi c_coating,sinult o] I Qet ; ' LeQrhneat nent .
20 Theqében?p §C%g?°Fﬂg8pgﬁ§e§?%§df?gngﬁﬂgggg}ggngﬂgrag%??%%ﬁativer t he
conbi nati oncodtihgssol vent and the agent may be necessary to affect a
change in coating surface chem stry and/or topography. In a further

aspect, the present invention provides 25 an activation treatnent for an
organi ¢ coabVMMARY enhance adhesion of the coating to a further coating
and/ or to ot heryenhhi;eesowOrpUNEI Agmathobvenhticandlaowsr taee chemistry

mot hod Tor FRELYBCAPBRBEAPTER"GF PHECRRBr, S0l SFCrrua: Font ety oed ‘Sbove
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coating integrity, via the use of mild reagents and
conditions. The process of activation on aged coatings

20 when they have exceeded the application window where
adhesion will not meet in-service performance requirements
when fresh layers of coating are applied over layers is
also termed reactivation. Both activation and
reactivation will be used interchangeably.

25 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
regulated industrial environments. One example of such an
environment is a commercial aircraft paint hangar.

30 Additionally the mild reagents used in the preferred
application methods do not adversely affect the bulk
aircraft coatings, or underlying coatings, such as primers
or selectively strippable coatings, or underlying
substrates, such as aluminium and composite.

35 Advantageously, this method no longer requires the
traditional methods of mechanical abrasion or chemical

stripping of an organic coating to improve its adhesive



35 In this specification, except where the context requires otherw se due
to express | anguage or necessary inplication, the word "conprise" or
vari at i orwoo@inseses WO 2006/ 086828 PCT/ AU2006/ 000070 6 PCEANDO68006070 OF
"conprising” is used in an inclusive sense, i.e. to specify the presence
of the stated features but not to precbPude the presence or addition of
further features in various enbodi nents of the invention. 5 As used in the
specification the singular forns "a" "an" and "the" include plural
references unless the context clearly dictates otherw se. Thus, for
exanple, reference to "a solvent" .includes m xtures of solvents,
e O s

ref erence pobeitagentowprdydesifioParle SO RS GF uch agents,

and the |ikerifhesnmethod of the present invention involves activating an
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"coating" is use rein its broadest sense and describes decorative
t opcoats; WFEEHESat®2t i er medi at e coati ngs; pri ner s, sealers, lacquers;
25 coatings whi gy airfiarenimsbtor e e st | hyeerleboy PV ¢S speci fi c
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the organic coating simultaneously in the form of an

activation treatment.

20 The agent may act independently from the solvent or
alternatively the combination of the solvent and the agent
may be necessary to affect a change in coating surface
chemistry and/or topography.

Tn a further aspect, the present invention provides

25 an activation treatment for an organic coating to enhance
adhesion of the coating to a further coating and/or to
other entities comprising a solvent and a surface
chemistry and/or surface topography modifying agent.

The invention also provides a method for the

30 preparation of the activation treatment defined above

comprising the step of mixing the solvent with the surface

chemistry and/or surface topography modifying agent.

DETAILED DESCRIPTION
35 Tn this specification, except where the context

requires otherwise due to express language or necessary

implication, the word “comprise” or variations such as



makes chem cal interaction and/or the formation of strong 5 adhesive

| i nkages with other entities difficult. The organic coatings which may be
acti vat edwprodaudes2s but are not limted to, fully or parcraugsnass-| i nked
organi ¢ coatings. Exanples of organic coatings include, polyurethane,
epoxy, polyester, polycarbonate and/or ®0 -acrylic coatings, nore preferably
pol yur et hane and epoxy coatings. Due to their superior nmechanical
properties and resistance to abrasion, chem cal attack, and environnental
degradation, such organic coatings are w dely used to protect

i nfrastructure in the aer ospace, marine, il |<$1 ormtlsyg%s
const ruct i OFITRIASS 2OT NEFRMRIL S e 15 4T ngals%v@'ré uction in
adhesi on tg ot hato éiﬁditﬂ}ﬁschélpﬂ‘b@@lwd:bﬁ i | s teaniad dl r@eims ballhesi ves,
seal ants, pressure senli1 %decal S or ngog c%lﬂ d£ .t h |ncreased
time of curri ‘%ﬁm‘-? ‘b‘# gt SEPTHERCT | VatTon ne mvo?ves appl ying the
solvent antkdtheregeit tariowsurdeosdviente of gelne cievemEhel- The surface
reatmept is notys Gonilipouse fiddeors addadh ooatbndghayersosishas a

u rat

primer CToating tie-c er_a chem cal nethod of. nodifying the
surface of ‘tahe’ Z@’MéxT%@’hgl%%ﬁﬂcﬂ‘?lgo%‘ér%%alfe??r‘?%cﬁﬁr%n?'%%%pﬁl@e to formng

adhesi ve | i &r@acki Offeddi cﬁi&w@ésc@@ﬁemﬁs@nd/@m@t heor erhmpiles. Wt hout

wi shing to be limted by theo elieved that th ion of the
agent and/ orekereRee £330 %o?t‘bi%%? onl’G\f H ?ﬂem%’éé TR cr)ng)d:S #‘Zéﬁ%é coati ng
surface chepasédreneadior “swrigeett opnglajpay mmXEuaGSeOfttwg pe maBfe
receptive to rds ot en |t| 1i£glud|ng but not |limted to additional

coatln&OIa Pt %%%ﬂpﬁgeﬁ?s and/or 5ol vents are chosen such that the bul k
integrity of t heTB& werhddgohnthanpsesgnhglevaPthglahBVelBserat e structures

are ”a'”ta'QggﬁxgﬁaﬁgoéﬁOéﬁgéﬁlgcgééﬁBﬁ 658099700 8nh§hbbabhe agents

i ncl ude those aci | chem cal and/or to ra %Eh ation
of the coata@gesivefptersteheasCbudtndbtafFnti8dSts ﬁggnBE &ﬁICﬁOFaCI itate
surface redysihpls suuiecenhydeshyshg, layéfacandXDdabthar eBtduikace
exchange, | LNt Liduced supfaceonodlhsatian udl apyadducheshonl
capabl e of pféeﬁﬁrégsensia¢ee deda&tounlpgoladbeSiUeélﬁnﬁeﬁbétéﬂk§ such as
o iy iR e PRLESEThpbosehuly Lhsb el e
improvement of t e adhesive properties of” the organic
coating relative to the adhesive properties of that
20 coating, prior to application of the solvent and the
agent.
The word “coating” is used herein its broadest sense
and describes decorative topcoats; undercoats;
intermediate coatings; primers; sealers; lacquers;
25 coatings which are pigmented or clear; coatings designed
for specific purposes, such as, corrosion prevention,
temperature resistance, or camouflage; coatings which are
high gloss, matte, textured, or smooth in finish; or
coatings containing specialty additives, such as metal
30 flakes.
In general, organic coatings which are cured, dried
or aged beyond a certain time period develop resistance to
forming strong adhesive linkages towards other entities.
Their surface properties become more inert than might be
35 predicted, based on the chemistry of their individual
components alone. Without wishing to be limited by theory,

it is believed that this phenomena may result from a



derivatives thereof such as sodi um net hoxy borohydride or [|ithium

di nmet hyl am nobor ohydri de; sodi um cyanbor ohydri de, 15 borane and borane
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unsat ur at e&ntscpg&hs_es;h nfs SU-tAhhLe | i ghthaciévaseace ninantoe s mhtitaeybut are

not limte 0 canphorqui none and derivati

t her eof engo. ne and
der i vatLﬁvesalltheﬁ@bwestﬁq‘ﬁa%ons@rr‘é‘fﬁﬁ%n}ﬂ%%%%]%% enoI'rdlaény OF oenese
pheny! phosp&géﬁ'@?ﬁ@;@lesh&eravmm@a redicbt fsn 1ingadhesiow Bg)ot]ggr-rertl ary

am ne agentgnlnglgg?'gggﬁlgg g&&ltfénghhéoatlng layers, adhesives,
sealants, pressure sensitive decals or logos and the like,
with increased time of curing and/or aging.

20 The activation method involves applying the solvent
and the agent to a surface of the organic coating. The
surface treatment is not a continuous film or added
coating layer, such as a primer coating or tie-coat, but
rather a chemical method of modifying the surface of the

25 existing coating so that it is more receptive to forming
adhesive interactions with further coatings and/or other
entities.

Without wishing to be limited by theory it is
believed that the interaction of the agent and/or solvent

30 combination with the coating modifies the coating surface
chemistry and/or surface topography to enable it to be
more receptive towards other entities including but not
1imited to additional coating layers. Such agents and/or
solvents are chosen such that the bulk integrity of the

35 coating and underlying coating and substrate structures

are maintained.



di met hyl tol uidine, N Ndinmethylamno ethylnethacrylate, nethyl imdazole,
NNN N tetranmet hyl -1, 4-but ane di am ne and

NNN N t etwarretdngbgrienyl enedi am ne. The mul ti-functi onal pamsatwecabadospeci es
may be 25 selected fromacrylates, for exanple, hydroxyl ethyl acrylate;
nmet hacryl ates, for exanple, polyethylenéglycol nononet hacryl ate, hydroxyl
et hyl nethacrylate, glycidyl nethacrylate, N, N-dinethylam no

et hyl met hacryl ate, ethyleneglycol dinethacrylate and butane diol 30

di mret hacryl ate; and acryl am des, for exanple hydr oxyet hyl acryl am de and

bis acrylamde. it will be appreci that t he .age 0 be
prepared in-si tﬁwltenéigre%s"ﬁct or‘l@n & rlﬁf—acj'nﬂgtxagérﬁil e, LiBH4 may
be prepare@HémjadedhaMBﬂWﬁﬁﬂbgmmbﬁmdal1mbdmﬁiQ§ﬁﬂqnnm@ﬂﬂﬁkyﬁﬁﬂbﬁ¥ﬂr|de

from net hanol nd NaBHA4. t-( QSE N d N p wgount
nore than Sk asp]m% r%gﬁ]yllﬁr&olrtgé(fﬁ%ﬁrﬁ%%yom%llo and WD

2006/ osasz&mowmmmv,o surfm:e I st e el Y BBt OB BELY about

20- baS d 0411 ¢ Ihenacdd Vélll’fﬂa(‘cé rr@@dm&atmnthe
conbi na ion S(ﬁ ve en (s) and any furt ,{[I onal ti ve(s).

5 Prefer abIé}nCl/h'-ef s%idv/ e“alrf“cﬁ rEGRfet© r@rﬁjs)}gf ntr Eh T Het sur ace of
the organi ¢;£patdyg so that the |ntegr|ty of the coatlng i s not

conpr om sed. The solvent b vent - o + e Of two
or nore sol vents{&) Pr%‘faé?%gg?i% ?ﬁe 1ff%ncte I?s = (55 %fr]g%%@c vent. Suitable
organi ¢ sol meRict dn sihelude : conbi nati ons depend on t he surface nmodi f yi ng
agent %nploye ée)QReéﬁgt%ﬁ%éeg Aoye) ﬁ?gwhnﬁéﬂgﬁyéﬂidérep@@&ssium1ted
t o: (a} ester baSe Vents such as. et acetate ? £¥ acetate
i sopr opyl a]@cer@lt}eir:b@@yllhele%mebﬂ%wwe' a%e?%t]%"r?]e §’ butyl acetate
and glycol Séfﬂuﬁcﬁéfé@dm&@)amt@m@x ucélcaﬁoﬁ?thudi/efhamketone met hy|
propyl ket one, W% ket one, % tsoan%% §O$8r hgaggéé Lsobutyl
ket one and @%%%Yﬁﬁ#v?% TRSTEPE oRLFR %ﬁc CALUL  BREPPEY a or exanpl e,
benzyl a'Cofﬁihlﬁﬁl@D@étﬁyﬁéﬁ@h@berohpdredanpbed1u$rcyanyorgbygﬁéde,
n- but anol , secondary .but anol | ok im gpgagg s@thagsl ,
met handi® anBOoFSLF of %Qah%?angnaoaﬁg $¥ e?%ﬁﬂ For g le. those marketed
by EDW/undellthfumraﬂemiﬁlumnhyﬁbméﬁo&néu@hl§§buEVﬁyﬁéH@lﬁF9@oI
pol yet hyl eng 95&80|cagkgﬁﬂyhﬁaﬁlaeycgbdlﬁ&'E&HYE@B? gbmcan (sbatuaet hyl ene
glycol . profifent o1 Yee e ghyS2lac) " BooRYLENG Y Yaeh 3nd
polypropylehgsgzymgt gﬁyethoxy)a umlnlumh ride
K-selectride (potassium tri-sec- -butylborohydride) ;
20 sodium dihydro-bis- (2-methoxy) aluminate; sodium
borohydride mixed with aluminium trichloride; lithium
triethylborohydride; and 1ithium tri-tert-butoxy aluminium
hydride.
(b) Examples of agents capable of catalysing surface
25 hydrolysis include:
(i) Acids such as organic acids, for example, formic
acid, acetic acid, benzoic acid, propanoic acid, malonic
acid, oxalic acid and kemp’s triacid; and inorganic acids,
for example, phosphoric acid.
30 (c) Examples of agents capable of affecting surface
oxidation include:
(i) Oxidants such as trichloroisocyanuric acid,
sodium hypochlorite, hydrogen peroxide, potassium
permanganate, potassium chromate, periodic acid and lead
35 tetra acetate.
(d) Examples of agents capable of affecting surface

exchange or transesterification include:



their nonoethers such as nono-Cl_6 al kyl ethers including 30 but not
limted to those marketed by Dow under the trade nane Downanol E-series
and P-serweogloges2B et hers. (d) ethers such as gl ycol diperhansgs/arro
exanple, the di-Cl_6 alkyl ethers of glycols such as diethers of ethylene
gl ycol, diethylene glycol, triethylene ¢ ycol, 35 tetraethyl ene glycol

pol yet hyl ene gl ycol, propylene glycol, dipropylene glycol, tripropylene

gl ycol and pol ypropyl ene glycol including but not limted to WO

2006/ 086828 PCT/ AU2006/ 000070 - 11 diethylene gl ycol di net hyl et her,

di propyl ene glycol djnethyl ether or neth butyl ether of di ne
glycol = such as fhbselfREKRSPHY PHIFUnyers tﬁ%cgr%%egﬁgﬁ% Q?§%£%%§|
E-series Ewﬁh&éﬁeEh@Stﬁ&&@Qhﬁm@€T§ZOEﬁdyCD@P@nt5 tthetstsaech as

t et rahydr of yr an; m des such in f) aromatics
such as toliﬁﬁﬁF%éﬂi§§F %Fe(938%9$ QZQP%Q%i %%ﬁ%ggsug Era &
d|chIoronEtMMMﬁlanuanaE$rab@tnaa@tﬁ?hﬁhbexﬁhﬁliﬁn@h§rmater In vi ew of the
toxicity an@e@f&@%ﬁ%fﬁf@%ﬁ%?@”EﬁiééthéﬂBfﬁﬁlﬁé batqagpat edesatygnts (g), it
wi |l be undérs at 't

be used MﬂtTIn t he constraints of
enV|ronnent%ﬁtrﬁeﬁfpﬁoﬁﬁhzkﬁfﬁﬁﬁt?egE?E??oﬁsbuES PLEFEPPE] 8Bfvents are

ester basedi(:j]/?i?éﬂﬁé‘ﬁ@létﬁﬁﬂeaﬁlrébﬁateaeﬂéﬁéﬁe et hbryet hyl acetate, isopropyl
acetate and/or tertiar utyl _aceta et h met hyl
propyl ketone, nmeEhyFxa %9£eﬁe?5n%9eﬂ%?h Fpﬁgggnéﬁ ng%gﬁgﬂgné?QPtnethyl

et hyl ketOnﬁndatédhéhsfsuehmadlEmcethanoﬁnChEdhanol et hoxyet hanol ,
propangly 1 sopropyl calgohoh, oyt g9k aLBLL! Bn0bangl caBdossandany

butanol et her S suc ethers or conbjnations. _t her eof
(i.e. m xedaeeheCS}veteét hyl the gmé@ngeaﬁé 1p8Bby| Eﬁ@f&FfﬁlP&VsV.lﬁ&P&&. ng

but not nl&ﬁﬂtthShMQE reaedi-ghy BRI Ehhﬁh&ﬁ@rst@kr@@hbﬁﬁaaﬁdndlpﬁopylene
gl ycol ether _and cyclic ethers l.Le, tetr ngr%furan

ani de soIveﬁF@esHéﬁ1§§1N;ﬁéFh?F°rﬁyWF5ﬁlHﬁﬁgﬁgryaﬁ Wi&Ee PROpPEF EPFed
sol vent CO”Bknﬁhu@meUﬁatmdﬁaglun@htatheed 3Peadesat e conbi nati ons such as

di propyl ene glyc%uégagﬁ%rﬁﬁgggt vaE%ﬁthﬂﬁ¥1QE5¥l gg@ﬁ@b@ b@kh%&e al cohol

combi nat3 ons suc di et hyl her: 1 soprop al cohol ,
met hanol , |sobuﬂammtsdsEOondmphorquﬂan@E apérﬁﬁéﬂyaﬁeﬂﬁﬁowhe§ﬁ xy et hanol

and/ or 35 ChyaExanal. ahiylebe.alicel ERRSERE)swekher, et hanol

et hanot dlgﬁ yla%ggobenzg%%e%%%%toa%gppheny{ %osﬁ%1neox1de

derivatives, such as, Irgacure (CIBA).

20 Tertiary amine agents include species such as N,N-
dimethyl toluidine, N,N-dimethylamino ethylmethacrylate,
methyl imidazole, NNN’N’ tetramethyl-1,4-butane diamine and
NNN’ N’ tetramethylphenylenediamine.

The multi-functional unsaturated species may be

25 sgelected from acrylates, for example, hydroxyl ethyl
acrylate; methacrylates, for example, polyethyleneglycol
monomethacrylate, hydroxyl ethyl methacrylate, glycidyl
methacrylate, N,N-dimethylamino ethylmethacrylate,
ethyleneglycol dimethacrylate and butane diol

30 dimethacrylate; and acrylamides, for example, hydroxyethyl
acrylamide and bis acrylamide.

It will be appreciated that the agents may also be
prepared in-situ from their constituent components. For
example, LiBH, may be prepared in-situ from NaBH, and LiCl

35 and sodium methoxyborohydride £from methanol and NaBH,.

The agent(s) are generally present in an amount more

than about 0.001%, preferably more than about 0.01%, and



nonoet her conbi nati ons such as di propyl enegyl col WO 2006/ 086828

PCT/ AU2006/ 000070 - 12 nononet hyl et her, di propyl enegyl col - nonobut yl et her,
and/ or dwvprogmyises2egyl col ; et her conbi nati ons such as tetrraahly@voodoro an:
triglyme and tetrahydrofuran: dipropylene glycol dinethylether; ketones
and acetate conbinations 5 such as net A et hyl ketone: ethoxyethyl acetate
and nethyl anyl ketone: ethoxyethyl acetate; N-nethyl pyrrolidinone:

et hyl acetate; ethyl acetate: benzyl al cohol; dipropylene glycol dinethyl
et her: pol yethyl ene; and net hyl propyl ketone: met hyl et hyl ketone.

Typi cal sol vent conbinations 10 in h_an 0 I4 109 nt sol vent
conbi nat i oRest PHeLEEPPeNt EEPYEr Q- é& P%OH% entﬁ%%%m1%%ﬁ%§ﬁ of less
t han aboutthaQQQ%ﬁgﬁteber&hbyagt&aaanomhawaw@mﬂnt 70% thsst preferably in

an anmount of about .80% t.0 %?13( (%ﬁ hased @1& hent Ghalenesi ght of the
i'na 0

activationct8 ion of solvent(s), agent(s) and any
further opbmﬁ@haaadmdﬂl\te(ve)(s)me or nore additives and/or inerts known in

the art_ of coatjngs gy .alsR keiveed ighd r@telmﬂcﬁﬂ Gitri beadta aom
treat nent of thté':| present y;anventl on. Exarrpl/fea:g: i ncl ude: a[%ac)h r heol ogy

modi fiers sudh AdiehyFirdans Gfy Ithee@RAAR G aRERE (3P & Vet hocel |
311), nodi flrﬁ%gti’(@%, (= g;he Byde tdihl 1451&jomrubnmﬁqzmﬂhdmxycar boxylic acid

am des (e.g 0 filmfornmers su t byl ic
acid 25 (e.g. L S\i%iw MBASS arid yco%b ﬁs&%gon%éo%ol Dow)
(c) wettingmgas &:ﬁuﬁreasdlwmrtmherﬁmemhacﬁ%t%ol‘(@‘b 18N uor ad)

and pol yet her m)dlfl ls S am(f@ dBréhnt BYdr H1ws3y ; 30 (d)
sur f act8nt LFEH ass? y aC| eérl%/lveatl\/c} eS Akzo, Ber adol  SPS 2543)

and quater rmrgbm@mnﬁnwe@l org éah%ll%‘ﬂ’eﬁ%%t‘%‘@%iﬁl%% FETEY oni ¢

surfactants, % epaé mafy) algoh) sandve) ki phhcBddd, bibupane )nand
al kyl phenol ?1 e-bisul fide condensates (e.g. 35 Cariants 1494);

(f) anti fd@rﬁ#f@ecég‘éfhts WD 2006/ 086828 PCT/ AU2006/ 000070 - 13 (g) anti
corrosion reagent$) sateBSopbes phol esess essch (@s gethgb aPgtapati cor C6),

al kyl anmmoni um 2- benzot hi azo S | §c@€he( €18obitBA
Irgacoﬂ5153§r°%5ai ?‘F?‘éé’f‘?ﬁe hsl"?]%r%?gf %é(%%% %&ﬂ'];e%é suce . ¥
benzi mi dazoheeteté yatévesary eogty BageetaPe evedt 81 vYeel SbPBE| Gﬁ?t?FFﬁf
protection); (b) ketones such as methyl ethyl ketone, methyl
propyl ketone, methyl amyl ketone, methyl isoamyl ketone,

methyl isobutyl ketone and acetone;

20 (¢) alcohols such as aromatic alcohols, for example,
benzyl alcohol; aliphatic alcohols, for example, tertiary
butanol, n-butanol, secondary butanol, isopropyl alcohol,
propanol, ethanol, methanol and cyclohexanol; and glycol
ethers, for example, those marketed by Dow under the trade

25 name Dowanol such as, ethylene glycol, polyethylene
glycol, diethylene glycol, triethylene glycol,
tetraethylene glycol, propylene glycol, dipropylene
glycol, tripropylene glycol and polypropylene glycol and
their monoethers such as mono-Ci.¢ alkyl ethers including

30 but not limited to those marketed by Dow under the trade
name Downanol E-series and P-series glycol ethers.

(d) ethers such as glycol diethers, for example, the
di-Ci.¢ alkyl ethers of glycols such as diethers of
ethylene glycol, diethylene glycol, triethylene glycol,

35 tetraethylene glycol polyethylene glycol, propylene
glycol, dipropylene glycol, tripropylene glycol and
polypropylene glycol including but not limited to



(i) levelling agents such as fluorocarbon-nodified polyners (e.g. EFKA
3777); (j) pignents or dyes such as fluorescents (Royale 10 Pignent and
cheni cal swo 20é6j08e82gani ¢ and inorgani c dyes such as fl uoroseaizne/ooertd (1)
Lewi s acids such as lithiumchloride, zinc <chloride, strontiumchloride,
cal cium chloride and 15 al unini um chtotide. The additive(s) are usually
present in an amount of |ess than about |00 based on the total weight of
the activation treatnent or the conbination of solvent(s), agent (s) and
addi tive(s). 20 Specific activation nethods form ng enbodi nents of the

present invention (which na pt| be u ed i.n n) are as
fol l ows: 1.0iGralens éﬁ]t.ch’EC? 'ghﬁ(ﬁtﬁb m@cﬁr%psyum ngé:g?%% vent and an
agent SUChdﬂmeéﬁyxidﬁﬁhﬂﬂdﬂﬂmeﬁhyldxammﬁ$h¢rt¢ﬁLdﬂ¢kh¥#@@#|ﬁ&¥@@ﬂcause

surface reductlon break f rﬁ%ﬁ%f Rat i RY3e SHEface. Wil e not
wi shing to 3¢ héth % ma]ﬂﬁ\é%er& b%; 5o I eved thatet hi s rrei hod

provi des remymarmlerﬁmeeleseman@ %tﬁ;@ajeﬁ% FErPPbE BTS00 FRProve int er - coat
adheSIog\Mé{hégéféﬁ&@@ésCQ@Ef£g¥éﬁa§ﬁ§a@nd/Or other entities. Suitable

sol vent vent conbinati o use in this ng $od are, for exanple,
ether or al cohol (Dastiaes vErER 3R -TRERY! RBRBF AL FORS™Sich as di propyl ene
gyl col dlnEthY'e(@ﬁraf6mbt§@@r@@@n0és t8buéne Sandlaggléydr ol ysis This net hod

i nvol ves using a,solvent and a uch as j r
exanpl e, acetic &% dh?£°$Q?§ @/%%g %C%?%%Z%%6§ggggé%bhgtﬁghgc%ﬁge
surface hydt@&ya¢51@mo®thykeﬂemnand the organic coating. Wile not w shing
to be 3.und by agg t@ggé is believed that this nethod provides

reacti entitie a SU|tabIe nmor phol og g to i mprove inter-coat. adhesion
with 5 further cbachgWIQﬁetbeah9$é?16Yh§F eH?HPFé¥e Hvﬁﬁﬁpgengaﬁvent or

sol vent CO%%%&&OB@ £91 c48Rataq! Bb&v@ﬁtBO(ﬂg) ar et frallexanphderesbed or
an de based solvents such’as. eth

ce rral i di none.
Surface oxi Bagafofhley ?ﬂ?glﬁEPﬁoHS¥ﬂv8 5%§nugﬁﬁgcgnggrveﬁ?ga% an agent
such as an @ﬁbﬂﬁ@ﬁmeﬁaélexnaaneh tntichhfebiysveyadatiionsci d to cause

surface oxidation or bre i a i ot eW shin
to be bound by aﬁ %ﬁﬁﬁ? ?Vengg g??egé ?h%?sgﬁlgbggfﬁgg E?S@ibgs °

reactive enethyksaoetate, ethoxyethyl acetate, isopropyl acetate

and/or tertiary butyl acetate; ketone solvents such as
methyl propyl ketone, methyl amyl ketone, methyl isoamyl
ketone and/or methyl ethyl ketone; alcohols such as

20 ethanol, methanol, ethoxyethanol, propanol, isopropyl
alcohol, butanol, tertiary butanol and secondary butanol;
ether solvents such as Ci.¢ alkyl ethers or combinations
thereof (i.e. mixed ethers) of ethylene glycols and
propylene glycols including but not limited to glyme,

25 diglyme, triglyme, tetraglyme and dipropylene glycol
dimethyl ether and cyclic ethers, for example,
tetrahydrofuran; amide solvents such as N-methyl

3.

pyrrolidinone; and water.
preferred solvent combinations include glycol ether :
30 acetate combinations such as dipropylene glycol dimethyl
ether : tertiary butyl acetate; ether: alcohol
combinations such as diproplyene glycol dimethyl ether:
isopropyl alcohol, methanol, isobutanol, secondary
butanol, tertiary butanol, ethoxy ethanol and/or
35 ethylhexanol; ethylene glycol monomethyl ether: ethanol,
methanol, ethoxyethanol and/or isopropanol; glycols and

monoether combinations such as dipropylenegylcol-



15 a suitabl e norphology to inprove inter-coat adhesion wth further
coating |layers and/or other entities. Suitable solvent or sol vent

conbi nat iwoo0d6sesz8e in this nethod are, for exanple, estTauU2006/@m7de based
solvents such as ethyl acetate or.N-nethyl pyrrolidinone. 20 4. Surface
Exchange This nethod invol ves exposure B the coating surface with a
reagent capable of interacting (via transesterification or otherwise) with
suitable chem cal functionality such as ester and/or urethane noities or
25 otherwise to nodify its chemstry or topography such that it inproves

the intercoat adhesion with subsequent coati ng\p %%@? wtabl %& vent or
sol vent combheaetdyd etberus &1iPrRPyHeS Pt BHo her or
al cohol ba%i‘?r.%ro%;?'ﬂé%@b%l@&d tfé@h@ﬂ@ai&mmammasmfcmaajl propyl ene gyl col
30 di met hyl et her "and _i Sopr opanal td PEQBII Q7 .ar, S
met hod vaﬁ%@@SﬁRﬁl"ﬁ&%a I% gigr:hym& ad é:r}% c§lg"ﬂ:b d%Lg—ftl valt-ge}%j free
radi cal i nigliyaiodr difrethy@&eamelre, kedmpes quicharetate &0 t&n%%d speci es,
for 359§xa I g‘ & acr lt%%zﬁLeQ: thacy ats t};é%ﬂurgg@c%@ drite medigami C

0]

coatin € 1 uence of Vi sl | i ght causes. free radical

reactions tamydcdqﬁtqm i Ie ths vt haed BT E58 25 R AURIOE] €15 the
surface of ddig 4,0 dURFOVR-dthed NiginAmatal astiesi oiumopyﬂeern@rt her

coating and/ o ent'ities Sui t_abl ol vents met hod

i ncl ude ket?dWéx&r d%%%%&?%ol%ﬁ%m%eas G hy?&;% &( one and N 5
met hyl pyr r]@ﬂcg—iéﬂorh%thme esibsl redteorfeor tmmniboswﬂEIMUsCmi%tWS

acti vat ed coati n n m num
compostPes ]gt&’:lﬁl 4 %vy gL Iﬁ‘%ﬁ_ﬂﬁ@%éﬂéﬂé SHRBLnRS1 Sh!!

Ste reln epox | ass relnforcgd
epoxy: plastics 'Hm:hs@]srétr(t ol yaire omen%t@]slbr@f%s%%‘éhl%sa%o?%‘ﬁﬂl id

el ast orer o1y Qe (RLEDALS, SISO Nl SSan PO Gicéalthan dhete mmy al oo
be vari ous coatin ayers beneat h the ¢ (ﬂgtl n é? ]ﬁéctl vation
ate’

such as ot H@’dé@ﬁ%t@%@f%ﬁﬁ@lﬁglnl%@'e?‘@ou%?l r3P g’llhtg ayers,
conver si on ¥ d&; anli &R0t €o8i Ngelgiver St ate t Aet Lizkeiom t hough

pol yur et hane and epoxy based coatin rti pol yur et bang,gased
coati ng8 arereFPneat, g%tth%m??m%%n%ﬂﬁg?sgg %Ogﬁ%§£é¥h %rgaklg coat i ngs
may be actg tg@rbuefh@pmfommﬂ addihevehgention. 20 v%en t he sol vent and
agent are combl ngdcand rﬁ‘é’?é'ggdltﬂvége 878104 n8PcaCkhuahi on theakirent this
may take dlffer Nt ﬂ 8783 *F6r ie " such as sol ution, suspension
of coatlngs may also be used in the method or activation
treatment of the present invention. Examples include:
20 (a) rheology modifiers such as hydroxypropyl methyl
cellulose (e.g. Dow, Methocell 311), modified urea (e.g.
Byk 411, 410) and polyhydroxycarboxylic acid amides (e.g.
Byk 405);
(b) film formers such as esters of dicarboxylic acid
25 (e.g. Lusolvan FBH, BASF) and glycol ethers (e.g. Dowanol,
Dow) ;
(c) wetting agents such as fluorochemical surfactants
(e.g. 3M Fluorad) and polyether modified poly-dimethyl-
siloxane (e.g. Byk 307/333);
30 (d) surfactants such as fatty acid derivatives (e.g.
Akzo, Bermadol SPS 2543) and quaternary ammonium salts;
(e) dispersants such as non-ionic surfactants based
on primary alcohols (e.g. Merpol 4481, Dupont) and
alkylphenol—formaldehyde—bisulfide condensates (e.g.
35 Clariants 1494);
(f) anti foaming agents;



m xture, aerosol, emulsion, paste or conbination thereof. Treatnents which
take the formof a solution or enulsion 25 are preferred. The activation

t r eat mrentwoayodnseg2separ ed by m xi ng the conponents togeChau2e6ttooEny

m xi ng equi pnent known to those skilled in the art such as but not limted
to stirrers, shakers, high speed nmi xerd&3 rnternal mxers, 30 inline mxers
such as static mxers, extruders, mlls, wultra-sound and gas di spersers.
Wien the activation treatnment is in the formof a solution, the solution
may be prepared as a concentrate and diluted before use or prepared ready

for use. 35 The activation treatnent or the agﬁ%ication of the éndividual

conponents t her etd) reyt beCRmRs R \FRAIRHLS nBLHO PR ARt RSB SkFI 1 ed in

the art SUC{]&;?@. batsp NEbT W06 HEEERS P PaRA6B1 A0 o£162-1inited to
spray, brush, dip,,

knife, plade, hpse, rolle Wi cu ' f , flow,
mst, pi petRenaPtipAPhathtns SHFetbf .2 %I ?%a?i O‘Fﬁ)ﬁ%’ s%}r:%llg% %g‘g?cal .
The met hod Hid aetiyathendbelyidks conducted at anbient 5 tenperatures or
al ternatively at, hjgher. t t L i i h Lyvatkgn
treat mert or indmi d%‘é‘—f‘blggyrr%%%e%f‘gﬁt%‘Lér%%??%r%%%go%%pléiegg{r%ggs 'l or
| ar ge areas{e.go0 BageipnBrefenteleBCharpioctdapohehlsPEPLegRLon) i
infrastructure sych asyLpf{ast ayehesecashoshatedovbbirbba-hbdaet edpace
(e.g. aircraft), autonotive (e.Q. vehicles), marine (e.g. ships),
t ransport atPehyperg. (erdi nEy? g??ﬁéry (e.g. helicopter, missile) or
construction ingdystpigaeh€sJorbaibdi Bgsh dactaubesscehoer $RoyZhe surface
may have sinple or coaplgx geoge%(y or may be at 15 any orientation
Treat méift nBYIBE E0RDUCEBE™ONRE®6f nultiple times prior to interaction
wi th the separat ¢k) earganicTardexposgraiti Apesf suRl ast DVHPrORCEL84At ment on
t he coating j,la nore limted by the throughput and applications
requi renment S "As such the exposure tine na¥ 20 be_short. for ,exanpl e one
mnute or extendéd)fbewararplids2guchoas LWih UHo ChLE-RENt 286t he integrity

of the OrgaﬁhiorgaégiQgrehtﬁﬁheﬁhib%iﬁaatc&&%ibﬁ thuodide tine or ganic
coating such_as sealants, and underlying coating structures and
subst r di%es. a29MFR& Ul §RAPELEGati ng may remain activated in a non-

contani nated envirnengeat thee (ext erdedspelilydpresenitnén pn agomnt of
o P oGt RO 00! LSRED: ST SRS hoptanimae from the
pref er abl e teotiemiienekxcessmgyenor the combination of so vent (s) ,
agent (g) and additive(s).
20 Specific activation methods forming embodiments of
the present invention (which may optionally be used in
combination) are as follows:
1. Surface reduction
This method involves using a solvent and an agent such as

25 a reductant, for example, lithium borohydride to cause
surface reduction or break down of the organic coating
surface. While not wishing to be bound by any theory, it
is believed that this method provides reactive entities or
a suitable morphology to improve inter-coat adhesion with

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

35 2. Surface hydrolysis

This method involves using a solvent and an agent

such as a carboxylic acid, for example, acetic acid to




and/or treatnent solution fromthe surface. This process nay be
conveniently carried out by techni ques such as solvent or water rinsing;
dry, wat ewoanocsbszent w ping; air or gas knife; vacuumpapmuze@iooert)
removal by squeegee; 35 and/or natural or forced convection evaporation.
Optionally the water or solvent used-td4renpbve excess agent and/or
treatnment solution fromthe surface of WO 2006/ 086828 PCT/ AU2006/ 000070 -
17 the coating undergoing reactivation can contain additives for exanple
to enhance the renoval process, nodify the drying tinme, or reduce
corrosion. Such additives include but_not limted_to . ionic _and non-ionic
sur f act ant sauSedetefgent bydnalvesrr 6% BRealidfPrPeSta Hengglﬁg agents such

as Pué nof cbhmihgd tghgmgngQeﬁgghbﬁg abobelb$had bgdahyvebeWﬁy,aE§o
i ncl ude cl eaning~agents. co to ¢ | not
g 9 Ep@&nnﬁaérmﬁﬁgogrgagv 620 Lberall %Hﬁﬁtﬁ%s i NO

linmited tolehbséiefgrk names "I'soprep, Turco, .CeeBee, 10
Ri dol i ne, gog{mhabgadmaaphonegly by ampp@meesn@@@“hca@t Bﬁ@lelsﬁonEl‘"’fl ER ochem

North Anerica Herlielab14f ter th
coati ng surff%?f@ s c&@ﬁ:ﬁ9§t§l§e§g %%a OIN%%%% ggﬁ(si%é%@d addlé:'t:; e(r:oat |en9

| ayers or @;oatreng ib& seflaicng, C@@M@Wé@@eafloafnt"sse ive decal s

or | ogos, %Q %%t%&pbxe@nﬁﬂdeh@asdﬂ%meeit)s @uchatasa | ater
tinme, providig the sur ace remalns red m ant%y uncont am nat ed during
storage or ethyl BisetacenCmithaASTSY ic"tﬁjr;{\}’é)r]ﬁ ently renoved. The

activation 20 sal uti @gyuredesd dak ks reappl ied in sone cases. Any suitable
met hod known to thos€ skil]ed S e A Y d Ao A5 whet her the
adhesi ¥@ | i nkaggl"dvs?’c\R‘Eieeéﬁ‘1 4 A ¢ ltnaﬂ :grigSégLﬁﬁ iurt her coa gas aild/or

ot her entiducgs dss i toxfintarpur pose. e:@miez.estt@qhﬂequaf&%@%

| d AST | SQ |
Inmsfa(raw E:g tﬁerclt:gé}sr%fc W R B R e b ity o ©

i I n-service perfornanc eIfa n% dur b| tty
testi ng e| tdfwrtna'tguaIWthre el wrHtigy ForPe H%O‘t%é e ‘ coati ngs,
t est ad, Q0 Mal€rchPagd chsdl @‘ﬁld‘d% r:lrea&gt:aven ammemﬁ her Si ngl e

| mpact Jet par at us (SIJA(MJA Limte f ound
to be partixlBEFiglR é?‘BFFPh‘?Jo‘Pg')és‘-s%st‘?%éY%tjer -%%a"?ga% h%e%?%%%lﬁn‘ptfagse

cases, the ganout @5agmﬁgCD@yeszmn@dorsoth¢at@@tx©l¢ﬁe | SykFabie

i nt er-coat adhesi on. or aer i |QQ§ 1Hetggg|ﬁ¢(@th@a nmet hod of
the presentS?hV&RYiSh %‘?f anfl&% £ nproved flowtine for the

process of iﬁ@ﬁtfmtemplgﬁeaeétGWQO@Bl@%éB@%e@cq?h’EBE%/ B86879°
ethyl acetate or N- -methyl pyrrolidinone.

20 4. Surface Exchange
This method involves exposure of the coating surface

with a reagent capable of interacting (via
transesterification or otherwise) with suitable chemical
functionality such as ester and/or urethane moities or
25 otherwise to modify its chemistry or topography such that
it improves the intercoat adhesion with subsequent coating
layers. Suitable solvent or solvent combinations for use
in this method are, for example, ether or alcohol based
solvents and their combinations such as dipropylene gylcol
30 dimethylether and isopropanol
5. Light induced photo-grafting
This method involves applying an agent such as a
vigible light activated free radical initiator, for

example, camphorquinone and an unsaturated species, for
35 example, acrylate or methacrylate to the surface of the
organic coating in a solvent. The influence of visible

light causes free radical reactions to occur which modify



- 18 reproducibility and consistency over |arger areas and between
operators, and inproved ergonom cs of the process |eading to reduced

Vi br at i orwor2o06asesd28t i ve noti on based injuries for conplPeriamotswoqnocess
of reactivation which 5 added together provide a net cost saving. EXAMPLES
The invention will now be described wrth5reference to the follow ng
non-limting exanples. Although the exanples 10 concentrate on coati ngs
derived from pol yurethane chem stries it will be understood that the sane
activation nethodology could be applied to coatings such as but not
limted to those based on epoxy, acrylic,, pol cangggaie, or ﬁolyester

coatings t lhsughintfieecamdr 619 @M & PP <ol ST (s) and
optional adgjdaies, Widahe aRBFORYH e @inld \atd v aeyttit | emsitike. specific
"substrate" the polyurethane topcoat Jis _.,appl]j j r t.. Hence
the subst r &t tEEH SO AT S (%b‘g ‘%ﬁ%rﬁrhi%$ %?e%%(%(?ci ceig}.?&epo}?éf%ﬁéd]e?r,
conposi t e 2Mhidy badaoIvdites raict crs et Bpok eyl gielsene e dfted epoxy)

or an elastoner .(eq. lysul fide el astomer). The substrate nay be finished
with surfadid X%ué?%é§¥§5§¢$¢§: el astoners or. coatings. The pol yuret hane
topcoat |ayer wiiteh sulpirate 20 rigzetalQe Ire HYIhH a2V 18P cdAt |

I nt er medi AL oLy ddN Wk ¢ 4 2y S8y DsResE hathy %aQ%mamméwEssgach not

rel evant . ypr cal exanpl es” of “build-ups e ed Ln the aer
i ndustry i res (RN FARPUDSET aFeC c‘?‘%g‘g% ,O%uJF’rr]B’é% ﬁ?%%’g§§§8§mth 30
anodi ze Or GOMARTSI Qi £0At re BRESYcdASEpoRy | NeLdsyicsoptcbnasly sel ectively
strippable internedi ate, coating |ayer I h t yers.
Epoxy Based®Pbiiibsite:® ?ﬁ?%m%r%riﬁé?e%?2$§££%%¥E£§% §g§§£8@§£§a %?iner(s),
optional | y seteciavel gonsdinppabybasat evaedi erefebilfng Té?é?,maﬁd
pol yur et hane, 100 ¢0aL LG, L aveLse YOL.2006/ 086828 BEALALKOORL00BATONg- 19

n nment s

The react i vat red olution Is e3|gned i.n_such a ma¥ that it can
be applied vedeirimguseachivatbami eReRsaanatiRE PREGERFLYCofCrhand

"substrate”) QL. £0at hngnSrkayensebrogatbet heypekyutethamsionabikng which is
under goi ng reactivation are not a verselé ngﬁgt gkgo a point where they
are undii t aBNBiEQFrPREPE FREEMBEI PUFPBsB by ‘Fntéracti on of treat nent

sol uti on whi ch nRythbugHvpeleurkyhanaeand epnkgcbagethcpatipgsshor t

peri ods. 1garticularly polyurethane based coatings are typical, it
will be understood that other organic coatings may be
activated by the method of the invention.

20 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,
mixture, aerosol, emulsion, paste or combination thereof.
Treatments which take the form of a solution or emulsion

25 are preferred.

The activation treatment may be prepared by mixing
the components together with any mixing equipment known to
those skilled in the art such as but not limited to
stirrers, shakers, high speed mixers, internal mixers,

30 inline mixers such as static mixers, extruders, mills,
ultra-sound and gas dispersers. When the activation
treatment is in the form of a solution, the solution may
be prepared as a concentrate and diluted before use or
prepared ready for use.

35 The activation treatment or the application of the
individual components thereof may be applied via any
method known to those skilled in the art such as but not



Exanple 1 : Hydrolysis Surface Activation Method The exanpl e denonstrates
that inproved SIJA inter- coat adhesion relative to untreated specinens
resul ts fwormoeczstszgati on of the coating prior to over-ceatriagoosioooey 15
coat adhesion provided in this case is simlar to specinens reactivated by
sandi ng. Exanple 2 : Oxidation Surface Aétrvation Method The exanpl e
denonstrates that inproved SIJA inter 20 coat adhesion relative to
untreated specinmens results from activation of the coating prior to
over-coating. Inter- coat adhesion provided in this case is simlar to
speci nens reactivated by sandi ng. 25 Exanple 3 : Reduction Surf

e
Acti vat i on INetiHoe The sp&aipl OBEHDN ¥Rt é%mt%'t ]‘?W%«/e@sﬁdﬁ?ﬁf@ﬁ coat

adhesi on r gl év%d&&mre@&%smmnﬁlé@ et tOBr acshivataohons t he
coating prio t'o over-coatin Inter- coat, a esnoqurovided in this case

is sinlar BRPRPSpeARRNCH R i A RFDY LAnd Pt Exanpl e 4 : Light
i nduced phot o- grrﬂiélmrﬁmfcaﬁeacmwmmammao@oﬂmc’ea@n@teambmgtrat es

t hat d SlJ t
at i mgroved, QLI LDLero 35, poat, adhesl prut Shabhdp Lonyarieated speci rons

resul t prior Yo over- oatlng | nt er
2006/ 086823 a4hRO06/ TIHH YOt i vaibon coaea bages| @h PrROLYE#EE2Ln this case is

simlar to &xanple 6r: 1Regycatreassurface
Activation %@ﬁﬁﬁﬁggeg'Eﬁ%ﬁ%ﬁ%qgggéﬁ%négﬁg%gg %hat EP ggf? égribe g?een

adhesi on (predsee®ions PbskrBIRY pPIBFECABPPRE HEs ape renoval)

rel ative to;ypts eot@ec SPECLHERSak estittastrastuaet ayabebatefl whehcbhei ng

prior to over-coating, Inter: coa dhes k d in eis

simlaftfo %%F%%@%?ﬁﬁﬁ§ ?ea%f?@ﬁ?gﬁ?byag ?ﬁbegEg Véﬂaékggzctlon

Sur f ace A@tmaﬁim@n(ékghodhlﬁkr;ppra9590uu§tLQU|éatgd tﬁa@nébatlngs

eact! vated,; by, ST 8¢0q ! eﬂ&i%&gﬁtgﬂ h9d3s91E) PofubskeErbbanoapeci mens | 15
E&2r ! in wer

sanded prldpl co an coatlngs ovs -cogted w t hout
treat ment. Exdwpteigsand-s. bEWl@éﬁgérofaSEPFééé chérPEely ch8fge Results

i ndicate th E?Eégﬂé§ 2Resi Eifp Qenbflééhpmex geométigrbacmaynbegytresults
(v), particu to Surfaces actlvated trategy.

e reduction_s
Exanpl 8 9 @6Y39rleF$aEéPPon §E?FE@8“ECPFVa%Foﬁ° gﬁg chxanple 34 :
Surface ActiumatipneMetifed pribrExehangeradgépnswithi shenviepagedet hat

suitable Conblngt|0n§he exposure time of the activation treatment on
the coating is more limited by the throughput and
applications requirements. As such the exposure time may

20 ©be short for example one minute or extended for example 24
hours with no detriment to the integrity of the organic
coating or materials that may be found on the organic
coating such as sealants, and underlying coating
structures and substrates.

25 The organic coating may remain activated in a non-
contaminated environment for extended periods of time. In
some circumstances, the activation treatment can remove
contaminants from the surface in addition to activating
the coating.

30 It may also be preferable to remove excess agent
and/or treatment solution from the surface. This process
may be conveniently carried out by techniques such as
solvent or water rinsing; dry, water or solvent wiping;
air or gas knife; vacuum application; removal by squeegee;

35 and/or natural or forced convection evaporation.

Optionally the water or solvent used to remove

excess agent and/or treatment solution from the surface of



conponents of the activation treatnent will differ 30 depending on the type
of coating to be activated. The appropriate choice of solvent(s),

agent (s) ,wopbinses2s additi ves and inerts, and activati orCTavudias/ooosow | |

di ffer depending on the type of coating to be activated. 35 WD 2006/ 086828
PCT/ AU2006/ 000070 - 21 General Experih&ntal Detail Painting Conditions
and Protocol Spray painting of many flat panels was carried out enploying
a Yamaha robotic painting armincorporating a 5 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 OO mn s and a

speci nen tdﬂgumQﬁQﬂﬂﬁuﬂﬁQﬁrﬁﬂﬁﬁgnﬁeaﬂﬁ%%ﬁﬁ&?ﬁmf??u?ﬁﬂﬁﬁﬁp R RET ol | ed

by the gun'g, ldighdeede e?r&[&ri&l &%lﬁerw‘vzﬂ) Ak STAN m@dﬂfsy fihese

paranmeters were adjusted in ne Wi al nt t kne and
assessed ustHgRg tli'r“éec'hé?rl% ‘b%%ecc(]iﬁ%) ?u‘ﬁn“m%?n U rat es. %en

coating wasOmrmitetJednme@otrmamn:s: thmmnimesmW@nt%yer t hi ckness
was est i mat |br 0 qgﬂﬁ Sadépy al unmi ni um
panel s. IS (g%a ous %é &)Hé&&b% oyeid\%?é x{;@@@iﬂ'@ t

plication of the
prinmers, opidlored Hui a'ﬂcmdlmyt%ﬁhdt@ o?i%%‘? Cﬂ%%/%?’sbeioﬁ‘b?‘ﬁ% maority of

the exanpl *g% I daié$n§n&@a&eoaﬁéan@ t &gehob | o@tmen1ppusgdt hr ough
t he nlddlegﬁ? at <%%u on 20 with 3Mvin n?gﬂgb #471), to_forma paint edge
r

onits rer@aﬁleqfhl%lﬁ‘a’é%f\?va%u‘t’h‘nea? Pkt 1ts‘PJ‘fb\l'"(’%engl e | npact
Jet ApparahH§9k@@@ay@m@erS@m@ytﬁ@d@tmm@egfIsupnep,oTuraogeEesBeéaces (egq:

rain erosion fojls) and SP f Sg typically
conduct&d d%+¢@}%?%ar.%rmk @RéFﬁ unEQE% eﬁ £§$p£ﬂ?§g 4ﬁn%§z | e.
Cccasi onal | Bxubisj nElﬂrA’goahemchbe’dhl—Nn@rlg@n ¥acReprédsulleRpofrRER: HVLP

gun was us t e pal um ni um or conposite vvas prepared in
t he sane ﬁgnnégn 8$§O ﬁa ﬁe#%?es prior to the flrsﬁ -coat 30 being
e

appl i ed. Fol | owi Aftenrehef con 1ﬁgr§Pr565F|h§ payiyvate ﬁFa f the foils
ver e ”aSkedeﬁHJE%éa@@aﬁownaadlaieﬂm P6atiRgt aa?aerpr bmr cbatdungr - coat i ng

Femoveds 35IEHREL By oReesPLaEr BSaRABFE Ak A A Banat S A Par | &
t enper at ur e1 848k (i ddcbasbeikesmah he app[n2606A68682gmmeﬁﬁAUQQGGP@0007O -
22 Thernol | pe_Epy ronpental ,chaahen,apfbot,? £5eaveahhang!
predominantly uncontaminated during storage or that the
contamination can be conveniently removed. The activation
20 solution may need to be reapplied in some cases.

Any suitable 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 is fit for purpose. Such tests include but are

25 not limited to ASTM, ISO, and FAA standards, in-house test
methods to simulate in-service performance, in-service
performance itself, and durability testing either actual
or accelerated. For the case of aerospace coatings, test
methods based on water impact, such as whirling arm and

30 the Single Impact Jet Apparatus (SIJA) (MIJA Limited,
Cambridge, UK), have been found to be particularly useful
for assessing inter-coat adhesion. In these cases, the
amount of overcoat removal is related to the level of
inter-coat adhesion.

35 For aerospace applications the activation method of
the present invention offers the advantages of improved

flow time for the process of reactivation, greater



curing oven. Table 1 : Paint Material Information 5 For the majority of
the exanples, the coatings used are listed in Table 1. In the exanples
pai nt compani@&ses28 general |y abbrevi ated: PRC- DeSot o PoTanedc/oooED :
PRC- DeSot 0 10 Akzo- Nobel Aerospace Coatings: Akzo-Nobel WO 2006/ 086828
PCT/ AU2006/ 000070 - 23 Table 1 : Parnt8Material Information Priner

I nt ermedi ate Coat Topcoat Coating Epoxy based Internediate coat that is
PRC-DeSoto International: primers suitable for selectively strippable
Desot hane HS and Akzo- conposite or Nobel Aerospace Coatings: alum nium
based Eclipse aerospace conponenets Conponents Base: CA8000ByyyyyX such
as CA8000BBSA®ucAdtii Mty andCASTTOR telivh idfen : L ayaRio RY S #hfer -~ 3:

CA8000C2 or. SHA- S FQL - G d BATASAR 1 daIre N ifel prée 28

G,
. be . )
Thi nner TR-109 'ﬁn ner TR- 112 Noteé: the thinner, desi ﬁnatiﬁ)%gs d C2 are

used to 5 lJerfia & meduted i AP EPh O B The Fai T =T

: _ cur es. t hi nners
- standar d i e-ieat erodt tdonEll ¢ Dilyiciing @roosss eshareh oyl yat ket evhieiie rate

(fromincor i.0 f. _high I ' [
Ao NoBel AL ST FHRF 1S HelT brired YRS and st andbrd 10

t hi nner TR-109. Painting Conditions and Protocol Substrates were cl eaned

prior tol”éiﬂﬁﬁhq%d optionally where appropriate treated with an al odine
type conversion ~coating or anodized. Polyurethane, topcoats
i nternedi ate andtf® | MeYeRbYRR SWhet e1OW RS ‘Elr%a]%%i ‘éﬁtlﬁcﬁﬁfﬁﬁﬁc? 0Phe
pcg'nggs I”f‘gu‘;’?l@% :qu% ]hcibxﬁ%tlgﬁ ;ﬁéﬂlliof([:‘ﬁ{lif’iﬂl@?é}tamﬁﬂe gypatahoughdthéoasampkes
opti ondll y ¢9R§ﬁ?ﬁﬁ%ﬁgﬁ%npgoatfhégndgrigggnggoma§5?§8§8§hgﬂgxy based primer
chemistries it will be understood that the same activation
methodology could be applied to coatings such as but not
limited to those based on epoxy, acrylic, polycarbonate,
or polyester coatings through the appropriate choice of
15 solvent (s), agent(s) and optional additives under
appropriate activation conditions.

The specific “substrate” the polyurethane topcoat is
applied to is not relevant. Hence the substrate can be
metal (eg. aluminium), plastic (eg. polyimide), composite

20 (eg. carbon fibre reinforced epoxy or glass reinforced
epoxy) or an elastomer (eg. polysulfide elastomer). The
substrate may be finished with surfacing materials, f£ilms,
elastomers or coatings.

The polyurethane topcoat layer which requires

25 reactivation may have topcoat, intermediate or priming
layers beneath it and again these layers are not relevant.
Typical examples of build-ups employed in the aerospace
industry include:

Aluminium substrate: cleaned, surface prepared with

30 anodize or conversion coat, epoxy based primer(s),

optionally selectively strippable intermediate

coating layer, and polyurethane topcoat layers.

Epoxy based composite: surface prepared/cleaned,
35 epoxy based primer(s), optionally selectively
strippable intermediate coating layer, and

polyurethane top-coating layers.



additives to aide corrosion resistance at 0.5 m| W 2006/ 086828

PCT/ AU2006/ 000070 - 24 (12.5 mcron) dry filmthickness (dft) per

manuf act uwenroeeamsts28ct i ons. I nternedi ate coat: Opti onal IPgTaaRbécomod7on of
internediate coat (1C) that 5 is selectively strippable at 0.35 mls (10
m crons) according to manufacturer instlucti ons Pol yuret hane topcoat:
Application of pol yurethane topcoat (eg: Desothane HS topcoat containing
CA8000/ B70846X base (white color 10 of this topcoat al so designated as
BAC70846. In exanples it is typically designated as Desothane HS 70846X)
at 1.0 to 4.0 ml (typically 1.0 ml (25 mcron)). Painted panels flash
off for 1 hour prior to cure and accel erated aging. 15 Standard cure /
accel erat ed agi“ﬁh&oféééfﬂﬂétfaﬁ|@Méﬂtméﬁt é@pﬁ@abﬁ m@raesﬂghe6Uia pai nt ed
panels in oven at OF, ﬁ?elat Lve Hum.d txé % 4g hour s,

fol | owed bys‘(‘?]il)ap%%Y EB?E ?-Fn aaﬂu dfPy LRanBercy, 1agusspi t490) and 506
RH for 48 h@@ﬁéltﬂ@ﬂsté]ﬂdi the| jnteyentguoé ahelBSEbEOrags” hour soatrdngl cure
time was. 112 hour r ‘a t g g prot ocol s
vere enpl oyed? 88> %83 Qﬁ ¥§%¥gg%pﬁ es 88§k§£ﬁd§glc& &Q | yur et hane

t opcoat unrenéprgvangoreacaddatngnaﬁréoaptnng9¥§ﬁ§Ya§f¢ﬁ&F@§té& By poor
adhesi on ngp Sl ggér @ghs%oan&,amb@g £&20Enang 2n3enBEdf purpdseays or
120F and 50 Fo ur face dification 30 The sol vents and
agent s usedbY 0inEgFREEEOROAES FES@FHﬁHtméPéuﬁaPBhyQé&hf F8# t he MERK and

Si gma- Al dri ¢hagtePount Chesbsal iGospankes. whthi iy fes ehoat pealiptiscal or
Laboratory Reagent grade purity. |sopropyl alcohol was WO 2006/ 086828

PCT/ AUZ6D6/ 000070 - 25 generally of an anhydrous grade. However,

al ternati veexamppki er s Hpdrgilgdes Surttheer ggénes igne Mekdmd t o be
avai | abl e. Progy PLEYI p [SE1E) erd glyco
di met hyl et her #gé ny g%oﬁgétgﬁ%q?kgfh% ggggﬁgrovgap - |§gﬁ}oj¥g y

al cohol tBgaGat adbatsypna@@tlaﬂ:é\f@o tnPMntrﬁé{tW{ SPESHNSRS: FFsU 1t Prom

activation of the coating prior to over-coating. Inter-

15 coat adhesion provided in this case is similar to

specimens reactivated by sanding.

Example 2 : Oxidation Surface Activation Method

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

specimens reactivated by sanding.

25 Example 3 : Reduction Surface Activation Method
The example demonstrates that improved SIJA inter-

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

30 specimens reactivated by sanding.

Example 4 : Light induced photo-grafting Surface
Activation Method
The example demonstrates that improved SIJA inter-
35 coat adhesion relative to untreated specimens results from

activation of the coating prior to over-coating. Inter-




MEK - nethyl ethyl ketone THE - tetrahydrofuran SS - Stainless steel HSS -
H gh strength steel 15 h - hour min - mnutes SOLO - Spray on | eave on
SOHO - Spwayoanstsezse of f  SOMD - spray on wi pe off 20 RIACT/AMRb@I08050

hum dity WO 2006/ 086828 PCT/ AU2006/ 000070 - 26 Table 2 : CGenera
Activation Protocol Task Strategy Treat®ent Spray application of the
reactivation treatnent solution enployed a Binks ML-H HVLP gun with a 92
or 94 nozzle and 20 psi inlet pressure or, on occasion, a simlar HVLP
gravity or pressure fed gun or by a flood application where indicated. The
active agent (eg: reducing agent such as LiBH4) was, 6 dissolved, dispersed
or suspendedoan adflecsbbueprpeidedainpehientage basedMdhaHeFght and the
hence pr epagadenERCELYBLLPRLbaCByERRALAGD! ied o the substrate for a
given period Post-Treatnent Spray on | eave on application (SOLO
Optionally the pol yurethane surface may be "post” treated Wished with
water (or sgkygple 8 pereadctobhosiipgacer ratireatiens@eaipodn- hose of f (SOHO)

or Wped wTh an_j sopropanol ., ket ope : hy| - I n wat er
Soaked S oth - opnayBhatalRcasPPhbEarsY HIELoLPREORY spfEhllEketh

over - coat edadhéhipnl yprethahert ofcpassébilreprobleafgeddayngsmaEkdido 4 hours
arter tfeatgﬁﬁgf5iﬁ§§§19?&EQQtﬁ9é'ewgggt&saeeavg LeRmekBl esguatherwone

specified fors _ rai n_erosion esion tes |ng, over coqat thickness
was 100 ni caohivahpPByPigthel Fp3Eing PELBEhERe OMSTCHRBAGY -cured Wi t h
standard thigger sanedhencerdiibens inernis20hsender s164130%BH for at | east
48 hours unl ess specified,  Scribhe. test %yercoat pai nt thickness was
typi calid 28PEEiBENSNFERGHLVBTAHaPYsF8 4B e 3 provides the equi prent and
conditions used for testing for analytical purposes. WO 2006/ 086828
Egﬁ{g#ﬁg?6égggﬁﬁﬁgn§ 27 R bARLE 0B sul@SLeNdEqUaRTBR! M&thRRdI tions
Stripping study indicated that coatings reactivated

by surface reduction methods strip quicker than specimens

15 sanded prior to over-coating but slower than coatings

over-coated without treatment.

Example 7 and 8 : Evidence of Surface Chemistxry Change
Results indicate that a higher Specific contribution
20 to surface energy results (ysf), particularly to surfaces

activated with the reduction strategy.

Examples 9 to 33 : Reduction Surface Activation Method

25 Example 34 : Surface Activation Method with Exchange
Agents

Tt is envisaged that suitable combinations of
components of the activation treatment will differ
30 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
differ depending on the type of coating to be activated.

35



SI JA Adhesion testing was conpleted using a Single |Inpact Jet Apparatus
(SIJA, Canbridge). The initial equipnent was typically configured using a
0. 8 mMm nowol2eodiogps28al | y and enpl oyed 0.22 calibre 5.5 mor@usesanonxecupel
Pointed Pellets (#11246). Testing was conpleted followng imersion in
water for 16 to 18 hours, enploying a Rilne laser to |ocate the inpact
position, and wusing a 45 specinen to inpact droplet geonetry. A single
water jet was enployed at each site to test adhesion with the pressure
enpl oyed for the "shot" indicated belowits inpact. The velocity of each
i ndi vi dual shot was recorded for future reference, but generally the
pressure t @GenagtakikxpevhvertibnPetatbecified below (25 m's). Pressure

(PSI) Véloqégﬂhgﬂgé)cgﬁd§§gon§0a§a09ra9&c325 200 895 Alternatively the
i npact was dictated by 600 ns.

e_vel oci ty enpl.o
In sone cases tH%P%%5UH%1%?1%9e?gd%?n¥e%ﬂ %dpan% ! W%ﬁc%a¥ﬁge?n er - coat
adhesi on wagmggsgﬁﬁgda eamniny i ngbbthgepaiat ysgsatrechncquesrabingadtify the

area of paint remved; Loueyer eoatdlessyaplo! Be kypash ¥sheshhyerel ative

Nore over coat renov rresponded with
inferior i nvithcaa®4 adbesien. Spraﬁepskﬂtb@gaHﬁésF@ﬁdHﬁ§e§s§§é§€dchcord|ng

Lo oPihes! on{ 0ELNG, Spec! breabi o015t andaid) -86873251061 agsa SnaThi o

adhesi on t est |ne cross- hatch tape (Sgl 5 é % %

test. Brieffpechagr EaeauﬁoﬂyﬁFéPﬁﬁnEfcéaplﬂ were F 3EFP9aF e R asthen

over-coatedwgg5con890mléa05 thhékgaﬁsb fmu&dngeéaEeomentmoatpbeutienhours

at room_ tenperature a The_coa |n S ctib ccordlng
to BSSA5 #8d sE??BerEEEES- EHEE)Paﬁam? 8" &8d esm%Ei ggFea EPO?%E%

pai nt adheswothopaspecthtoknese mahedrementscahd a@SeﬁgeﬂouﬁlWBtﬁ "10"

bei ng no pa no i 2 086828
PC&/%UZOOE/B ﬁﬁégr ¥S§§88gqU|Mﬁ8%§|§% ghhpgﬁguh EQE?E%QESPS e?ggébn %estlng

was conpletedabmng whSrppmgleted on composite substrates, the coatl
layer thickness was estimated by calibration with the

15 isoscope readings from aluminium panels. An analogous
strategy was employed for the application of the primers,
optional intermediary and topcoat layers. For the
majority of the examples, the painted films were over-
coated following taping through the middle of the coupon

20 with 3M vinyl tape (#471) to form a paint edge on its
removal. This edge was the impact target for SIJA (Single
Impact Jet Apparatus) analysis.

Spray painting of curved or larger surfaces (eg: rain
erosion foilsg) and some of the smaller flat panels was

25 typically conducted using a Binks M1-H HVLP gun configured
with a 94 nozzle. Occasionally, a similar gravity fed HVLP
gun or a pressure pot fed HVLP gun was used. In these
cases the aluminium or compogite was prepared in the same
manner as the flat plates prior to the first top-coat

30 being applied. Following cure of the first coating layer
the front of the foils were masked (Intertape Polymer
Group, PG-777 tape) prior to over-coating to form a
leading edge once the over-coating was applied and tape
removed.

35 Cure protocols were undertaken in a computer

controlled temperature humidity chamber, such as a



Arm Rain armrain erosion apparatus enploying a 52 inch Erosion zero lift
hel i copter |ike propeller run at 3600 Testing rpm Reference and activated
pol yur et haioeotsnses2at foils were over-coated (60 to 120 WCTrAAR00GHANATH

t hi ckness) follow ng nmasking to produce a |eading edge. The foils were
attached to the propeller at a distanc@&2along 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 mmdroplets used during the experinent
was 1 inch per hour. After 30 mn the inpact of rain erosion on the
inter-coat adhesion of the foils was eval uate accordln 9

rating corr%@%ﬁW@@P@%éE%ﬁ%U%@m%$taba?%%m?%ﬁn@% / oF ?eﬁ?n B?HEa The |npact
of water dé@@&ﬁgsogghthe | eadi ng edge of the over- coat formed on renoval
of the tape during the experinment erodes the over-coating |layer relative
to the strength of the inter-coat adhesion. Paint Procedure for the

conpl ete stTapléest: i BaidtrippengatiesufobedtionSAE MA4872, Annex A, pages
51 to 53 Tn this Stage an abbrevi ated version was conpl eted using benzyl
al cohol baspgrpahdtma$brippess wheheutmphesatheyebangntie assgarechow the
activated apgsp §r1ﬁ0’f‘£6gesﬂ?ec' fRNEhEOexHitbl e8] ega&lﬁd eefnpuaiee speci nens.

Aged speci DHEHIL Q8 o € gp05|te substrate were untreated, sanded,
or actlvatgggﬁaere ver - coaaeg 0-75 nlcroné and cured for 40 hours at

120F. The eB@@sDﬁé@Eot5EEGrRPFH°ﬁF&n1ﬁRGnPFﬁB (such as 3M Scotch Brand
No, 423)y priaRkotRoBeIMRAEHRPatBeCbasingSt r ARperNokelappl i ed every 2 hours
until the coating was renoved. Lifting paint was renoved just prior to
reapplication of the stripper using a plastic squeegee. Contact Contact
angl e anal ysis was conpleted using Angle "FIRST TEN ANGSTROVS"

sem - aut omat ed vi deo equi pped contact angle anal yser. CH212 and H20 were
enpl oyed as the reference solvents to calculate the dispersive (Y5d) and
polar (yp) contributions to surface energy (ye) through the Young-Dupre
rel ationshi p and Fowkes equation. WO 2006/ 086828 PCT/ AU2006/ 000070 - 29
Equi prment Conditions FTIR FTIR analysis was carried out on a BRUKER




FTIR/NIR spectroneter or Nicolet Instrunments, enploying NaCl plates or an
ATR KRS-5 TiBr / Til mxed crystal associated with the m croscope. Extent
of surfac®ocormns2aati on was assessed by swabbi ng the ®arfaareoswioodto a
"Qtip" soaked with hexane. Follow ng evaporation of the hexane solution
onto NaCl, powder NaCl plates suitabl &3 or FTIR analysis were prepared by
conpressi on 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 ISIS
system Cross-sections of the sanples, prepared with a cut off saw
appropriate for non-ferrous materials, were nounted in epoxy resin,

ground andTpbleshed PaiatiMatexrdals LREormaLd ©Mgol d coated. | maging and
x-ray analysis was conducted using a 15 KV accelerating voltage and a 17
mm wor ki ng girstanceFf “~§,na1 ySI S TWaermrdafte doaCal T /Talﬁ«,ﬁatned for carbon,

ni trogen, oxygen and chlori'ne. Hydrogen- Activity pf reducing agen S
determ ned P¥oatikd/Of UT onxgimbcpyl ng | Ayemedjecokivick ist | BRC-DeStmingmetional The
activity of | the reduci pmagandblesol |tstlemiv{lesyippabld BH Desathmedifi2pdiekzpiviv | was
deternined by neasur i ngnolieoguantijty of hydrogen «=N8‘I’e\1/éHOSP?CBFP"6‘\9\$Sng
interaction|w th dil uf eluminivehased adi d. Accel er at ed | EEHEH prent: Atlas|(Xenon

1%

Arc) UV exposure \\eat A€p®ifeter - Quter filter b(r05| | cat e - Inner
filter = quactz - Li ghCOPRE : - ) ‘- Vel e
(-.SAE J1960fomPoptiffel s: Desot hane HS 70846 Wi te 50/B70 shift

of previously reactiyated (but not{ over-coated) [)Q@@Jaﬁ,r‘&&sélﬁ96/086828

P

PCT/ AU2006/ 000070 - 30 Reactivatijon potential of |gampescAso@aedi ti oned
t hrough agi ng protocol} then a Wcycle. WO 2006/ 086 &RindPE&TIARURARA6/ 000070
31 or
ECL-G-yy such as ECL-G-
14 (BAC70846)

Curing Sol: PC-233
Thinner TR-109

Thinner TR-112

Note: the thinner designation C and C2 are wused to
5 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 Akzo-Nobel -
fast cure thinner is designated TR-112 and standard

10 thinner TR-109.

Painting Conditions and Protocol
substrates were cleaned prior to priming and optionally

where appropriate treated with an alodine type conversion

15 coating or anodized.
Polyurethane topcoats, intermediate and primer layers were
mixed and applied according to the paint manufacture
instructions.
Primer:
20 Typical conditions:
e For Composgite or aluminium: application of common
aerospace epoxy based primer optionally incorporating

additives to aide corrosion resistance at 0.5 mil
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(12.5 micron) dry f£ilm thickness (dft) per
manufacturer instructions.

Intermediate coat:

e Optionally application of intermediate coat (Ic) that
5 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 color
10 of this topcoat also designated as BAC70846. 1In
examples it is typically designated as Desothane HS
70846X) at 1.0 to 4.0 mil (typically 1.0 mil (25
micron)). Painted panels flash off for 1 hour prior
to cure and accelerated aging. |
15
Standard cure / accelerated aging conditions employed
for topcoats were: (i) Cure painted panels in oven at
120°F, 5-10% RH (Relative Humidity) £for 40 hours,
followed by (ii) post cure in a humidity chamber at
20 120°F (49°C) and 50% RH for 48 hours, and then (1id)
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
25 additional coating 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.

Surface Modification

30 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. Isopropyl alcohol was
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generally of an anhydrous grade. However, alternative
suppliers and grades of the reagents are known to be
available.
Progylde DMM (appreviated to proglyde) - Dipropylene
5 glycol dimethyl ether
EtOH - ethanol
EtOAc - ethyl acetate
IPA - isopropyl alcohol
tBAC - t-butyl acetate
10 MPK - methyl propylketone
MEK - methyl ethylketone
THF - tetrahydrofuran
SS - Stainless steel
HSS - High strength steel
15 h - hour
min - minutes
SOLO - Spray on leave on
SOHO - Spray on hose off
SOWO - spray on wipe off
20 RH - relative humidity
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Table 2 : General Activation Protocol

Task Strategy >
Treatment Spray application of the reactivation treatment solution
employed a Binks M1-H HVLP gun with a 92 or 94 nozzle
and 20 psi inlet pressure or, on occasion, a similar HVLP
gravity or pressure fed gun or by a flood application where
indicated.

The active agent (eg: reducing agent such as LiBH4) 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

Post-Treatment Spray on leave on application (SOLO)
Optionally the polyurethane surface may be “post” treated

Washed with water (or solvent) a period following
treatment — 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-coated with polyurethane topcoat either:
e Same day (5 mins to 4 hours after treatment)

e Some period following reactivation.

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 10-
20% RH for at least 48 hours unless specified.

Scribe test overcoat paint thickness was typically 25 to 50
microns

5 Analysis
Table 3 provides the equipment and conditions used

for testing for analytical purposes.
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Table 3 : Testing Eguipment & 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 jet was employed at each site to
test adhesion with the pressure employed for the
wshot” indicated below its impact. The velocity
of each individual shot was recorded for future

reference, but generally the  pressure to
velocity conversion is 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 Scribe adhesion was assessed according to
Adhesion (BOEING Specification Standard) BSS7225, Class
5. This adhesion test is 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% RH. The coatings were then

scribed according to BSS7225 (5 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
w17 being all paint removed.
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Equipment

Conditions

Whirling
Arm Rain
Erosion
Testing

Rain erosion testing was completed on a whirling
arm rain erosion apparatus employing a 52 inch
zero lift helicopter like propeller run at 3600
rpm. Reference and activated polyurethane
topcoat foils were over-coated (60 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
adhesion of the foils was evaluated according to
a 0.5 to 5 rating correlating the amount of
paint removed or tear lengths. 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.

Paint
Stripping

Procedure for the complete strip test is
described in SAE MA4872, Annex A, pages 51 to 53.
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-
coated (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 squeegee.

Contact
Angle

calculate the dispersive (v;ﬂ and polar (vsF)

Young-Dupre relationship and Fowkes equation.

Contact angle analysis was completed using
“WFIRST TEN ANGSTROMS” semi-automated video
equipped contact angle analyser. CH,I, and H0
were employed as the reference solvents to

contributions to surface energy (vs) through the
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Equipment

Conditions

FTIR

FTIR analysis was carried out on a BRUKER
FTIR/NIR spectrometer or Nicolet Instruments,
employing NaCl plates or an ATR KRS-5 TiBr /
TiTI mixed crystal associated with the
microscope. Extent of surface contamination
was assessed by swabbing the surface with a
“O-tip” soaked with hexane. Following
evaporation of the hexane solution onto NaCl,
powder NaCl plates suitable for FTIR analysis
were prepared by compression moulding.

SEM

SEM analysis of the polyurethane cross-
sections 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-ferrous
materials, were mounted in epoxy resin,
ground and polished to a 1 micron finish and
gold coated. Imaging and x-ray analysis was
conducted using a 15 KV accelerating voltage
and a 17 mm working distance. EDX analysis
was specifically refined for carbon,
nitrogen, oxygen, and chlorine.

Hydrogen
Evolution

Activity of reducing agent was determined by
employing Hydrogen Evolution techniques. The
activity of the reducing agent solution (eg.
LiBH, in Proglyde DMM) was determined by
measuring the quantity of hydrogen evolved
following interaction with dilute aqueous
acid.

Accelerated

UV exposure

» Equipment: Atlas (Xenon Arc)
Weatherometer
— Outer filter = borosilicate
— Inner filter = quartz
— Light intensity: 0.55 W/m?/nm
@34 0nm

« Operation Cycle (~SAE J1960):
e Panels: Desothane HS 70846 White

¢ Test for:
— Colour shift of previously
reactivated (but not over-coated)
panels

+l

ri
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— Reactivation potential of samples
conditioned through aging protocol
then a UV cycle.
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C - Treatment with 2% NaBH; in ethanol,
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Dwell Time'

(iii) Ageing protocol: 4h (120F, 2-3% RH) SOHO based reactivation method

Treatment solution
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0.1% LiBH,4

0.05%

Various LiBH, concentrations stored in Proglyde DMM / 2% tBAC for

90 days prior to application
0.01%

(ii) Treatment solutions:
Untreated
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(iii) Supporting FTIR evidence for selected contaminants:

Samples were swabbed with a hexane soaked “Q-t
hexane containing sample absorbed onto NaCl.

ip” and the
Following

compression molding of the NaCl into Plagues, FTIR spectra

was obtained.

{a) Petroleum Jelly Contaminant

.05 4 ! Uncontaminated

0.03 topcoat

0.01 ._WA mw

~0.0% -

0.05 - )

0.03 - Q-tip in
~ww”*”””~“‘vff\4\¥“‘ﬁ~ isolation

0.0t T e o

-0.01 ~

0.05

.03 ~ Petroleum Jelly

2 601 ‘wmwﬂwﬁqf~"~\j’ﬁ\,\v*‘~‘ Contaminated - untreated

BT T e — "

g -0.01 —

E

=x

5 0.05 -

2 o.03 - Contaminated subsgtrate
0.01 ,¢wmwvw#,/«\- ’”””‘”“‘”\/ﬂm"*wrnmw following SOHO treatment
-0.01 -

0,05 -
.03 - Contaminated substrate
AT o N
following
0.01 - BV
//’fvlk“&m//ﬂﬂ T 5oWo (IPA) treatment
-0,01
0,05 -
0,03 ~
0.01 - fmwﬂ\m Contaminated substrate
0.04 : . ; ; . : following SOWO (MPK/MEK)
bt T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm™)

NOTE: typical abs

treatment

orptions around 3000 cm™t for the contaminant was
removed or reduced following reactivati

on under the conditions listed.
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(b) Reroshell 33 Contaminant

0.03 -~
0.01
Uncontaminated
-0.01 -
Topcoat
Q.05

Q-tip in isolation

0.03 /A4 o Aeroshell 33
0.01 e Contaminated - untreated

Contaminated substrate
following SOHO reactivation
treatment

Contaminated substrate
following SOWO (IPA)
reactivation

Contaminated substrate
following SOWO (MPK/MEK)
reactivation

T T ¥ 4 T T T
4000 3500 000 2500 2000 1500 1000 500

Wavenumbers (cm™?)

NOTE: typical absorptions around 3000 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.



To RN
oOcCc O —
) . O .- )

WL ® O._ .0 dHOoED
© m — — < OO0 ocC

— © - .0 S
_ (%] m.m w m 0 ..m — © o m e ..va.H.H.DUUO seyq .G..OHM..W.?H“U.M@.H pue mﬁﬁa.“ww%“

VPSS CVWOWO OOO ABbrous opeIANS 0} UOTINTIUOD OTIFT
- I0 eyl 2A00R LD I L
o m. W = m SB&dEItnmrs burieoTput MmumHumgﬂm.m >ﬂwuwmwwﬁmwﬂow QMMM .n@mw vu mﬁwu Topun *HETT UITH PoIRATIORSX suswWoads STTUM
POTITUDTIS B PaSpPT L = : h
m g.80 S ) M %QWV F U AcIduT 3% ' e oeq jou) Abxsus SoBFANS O3 UOTINATIIUOD o1zToeds oy3 paaoxdut Apteutbreu
owm co c h.r@%mmawawnoolnoﬁ pojeaIiun O3 Aol obe sya go eoegans oyj o3 peTrdde
e mm S ._m ..Un %w@m@._mMm asnf uape Soegans Std Butdms °23BI3SANS X9VE0L SH mﬂmﬂuomwQMMOQEouﬂhmnwﬁw opeIIANS UHMHU@QW SUL
i i u L}t

S .. m () coe W Mmmﬁm&uﬁou Io33e poonpex ATaueotgTubts sT AbIous SdeIINS Te303 JO 2
oOneEC > o W»l n O o
OO0 _ccO_ Own-_0O
S8°. 9 Inlf,w.mﬂomg_o < It o€ 6 Aq[of wmajoned
AnmoJ b, Mm.otolnmmv
W SS2EYT c3E32 8T 4% T 9% CEIPUSOIY
oo oo MoVw.WZ 525

C C T v T — O . NM On—sﬁuom
O _—Opc_. tO.DOOov S€ 837 09
No e=¢. o6 S coOoue N
© e LEL Tas =) 1012
OoTCc 0P ®© Oml o< . . 07z Ly i
0O | Mmoo S O — G¥ 6C
O o co’'‘mo b o=
50cnsdComanbol : ch 7€ 8 IMOOIIN
o o (<) qom o — 5
ZS"D._rd O%GESW 3

O~Dbcd —gg -0 Gf 6¢

: 5 lgsS.2 1100dg QAISID

o_oa lo . dst ony10ad aAIsIdSI(] o1y1 I [

wgo 25 |Sp@iss pomsedia | ogeeds
. [qv - €
Tox=ndEo .  Eo .

582243 S 8o
Oda="gd20z 3
1Re_.matonmn A[4Q
Ao b odipy SIIIN/SAN yusunEdL], ON

— N :
=" g0 ¢ . T 35 WOT}BUTIIRITO,

oEJg (_uypur) 810U 20BJING neul )

T C X (7)) 4
_—— % O B .

o0 oow —~ M @ C .UOHMHU@QW
O 55 cF © < A % 2.2 uswalesil UoTaARATIDEII
S m..m S LS c3 = Qumnoam&noo sy3 zopun jeondol 23TUM X9¥80L SH SUBY3OSSA pebe pejeuTWRlUOD mewwm Mwmuuwm Sutazoddng (A1)
< w o] ...m o _ﬁh@ N.\H@N@%&Dﬁ@?.ﬁom ‘ausuaesI1d ou .mﬂ._.uSOHHOM mu.ﬁ.m,ﬂ.m&mu.ﬂOU @OMU@H@W I07F saTns:ax L :
P NT OO .men
<t 09 0o . Secco

~0 o 5 C — - O n = O
—_——0 O0TOHdOOWN_®©
C-88%2955:5258
Nlusamuo_ ] ~...|”r.|t



(b) Aeroshell 33 Contam nant 0.05 0.05 0.01 Uncontam nated -0.01 -
Topcoat 0.05 0.03 Qtipinisolation 0.01 -0.01 0.05 Aeroshell 33 0.01
Cont am naweaoes/sng28eated 0.01 0.05 $ 0.03 - Cont am natre/Adubstooatre 0. 01
foll owi ng SOHO reactivation -0.OTireatnent 0.05 0.03 - -J~~ 0.01
Cont am nated substrate -0.01 - - following SOM (I PA) 0.05- reactivation
- 0,01 Contam nated substrate -0.01 aooo 3500 3000 2500 2000 1500 1000 50

rfoll ow ng eactivati on WO (MPK/ 1) NOTE: typi cal
absorptions & ound 3000 cm 1 for enoved or reduced
foll owi ng¥edtivation under the Bgamples illustrate
that thefl¥eyel of contaminate is|clear reduced of|regoved follow ng the
reactivatitpB treat ment. WO 2086/ 0 30757 70 o UNa) NO
QL Oto Pdd®5a 0 00 "0 to 00¥\ O D )} ~"\ cad 0 41 Q 4J
,u >~ a pp~,",, vagG N ¥
ot =
© © -
4 g M @
<t g 0 X h
w O W
o O © =
~ P A o pomi
] N a
mougo
ooed P
38 K <
o &= en =
g © T 3 e
e O ==}
cgm™ a —
n.AM 08 e
0T 00 X
o B =
TP O0C <
O~ p -
Roh
!
W g
(o} © O
g8 ~9
S.2& =
ngown
G)_Ogg
‘33 - VE
o o N EQ
9] o) = E
= ) R
S 8 = 3
N
R st Y e Bs)
b g < SR
u.g 2 o @
HE - 'y
) R= =
B 6 = =
9]
! —
Ei@ e
e
yo—(

0.1% LiBH4

(1) Example 25.

reactivated under the conditions specifie

Untreated /

Following cure of the over-coating the samples were immerse
Sanded

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

Example 25. Example 25.
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Example 27. The following examples demonstrate the
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 (LiBH, 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.

Untreated

T PART ONLY

0.05% LiBH,

TEST PART ONLY

0.15% LiBH,

Example illustrates that crisp non-distorted letters are
maintained even when the treatment solution is applied
over the top of the stencil.
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(ii) Reactivation (LiBH, 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
(C)blue at 120F for 16h.

untreated

0.15% LiBH,

Example illustrates that crisp non-distorted designs are
maintained even when the treatment solution is applied
over the top of the mask.
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reactivation solution nmay be used in conjunction with materials such as
stencils and design nasks and tapes for the production of decorative

pai nted finishes. (i) Reactivation '(L%OBI-'M i n proglyde: | PA 40: 60 SOLO

appl i cati®n 30nin) applied onto aged Desothane HS white 70846X topcoat
(16h, 12f,08.RH) with pre-applied vinyl based stencil prior to painting
with Desat ffane HS S601X bl ue (C2) cured for 16h at anbient conditions. i |
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0. 15. LiE};!-lngxarrple illustrates that crisp non-distorted letters are
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in progl yees | PA 40:
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based stencil prior to painting with Desothane HS S601X (C)blue at 120F
for 16h. untreated 0.05. LiBH4 4+, ,,, 0.15. LiBH4 Exanple illustrates
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The example illustrates that different coloured polyurethane coating may be reactivated

the reduction strategy.

Untreated
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Example 30. Example illustrates the impact of accelerated
UV exposure on aged Desothane HS 70846X polyurethane
coating relative to untreated reference for different
lengths of exposure time.

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

Effect of time of UV on White Panels

1.4

dNo UV

W UV 210 hours
O UV 420 hours
® UV 630 hours

delta E

Untreated Sanded 0.1% SOHO 0.1% SOLO

The example illustrates that the colour shift is gimilar
for samples untreated, sanded, reactivated with 0.1%
LiBH.,in proglyde that is either removed after 30min (SOHO)
or not removed (SOLO) if left not over-coated prior to
various lengths of accelerated UV exposure time.
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(ii) SIJA inter-coat adhesion results for Degothane HS
70846X white (C2) aged under the standard protocol and
then accelerated UV conditions for 630h before
reactivation and over-coating with Desothane S601X.

Prior UV Exposure:

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

No UV Exposure:

Untreated Sanded 0.1% LiBH4 (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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primer, intermediate and polyurethane topcoat layers. 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 S601X relative to untreated and sanded

references.

t = 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 Borohydride 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)
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The example illustrates that the chemically reactivated
samples strip in a similar time frame to the sanded and

untreated references.
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impact on paint adhesion and appearance of
d reactivated aged Desothane HS 70846X coat

Hrasco

71°C to -40°C: 1.5Hr
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(i) Scribe adhesion was rated “10” for all samples
SOLO

Sanded /
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(iii) No change of paint finish was noted in terms of “micro-cracking” or “pin head defect formation” following the cyclin
Untreated

The examples illustrate that no apparent reduction in adhesion or over-coat appearance oc

following cycling of temperature and humidity.
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Q oordd4) rC 44 a) r, ~400bl 440 -ri b, O O-HU -ri -HA41 a)
4-1 4 ayoroowmes2p. ;... ;0(ddo0 H-il aa) 0 a) 'YOrax/awmboddoodd® 4] >4
~4 0 rd4) 43 rd N~ .rl tl ,wrdo .uQ ism~AlLna) .~-4) ridHr-I
U U ri HP4a rd0 OH-rl1a) Ea) -rl rl O0-ri 4-) P4Ards~-m OrG
rdJ MMO rda) U rd-H rd .lJa a ma) a r, -rArd r.nH4 3P -~J
WO 2006/ 086828 PCT/ AU2006/ 000070 - 115 It will be appreciated by persons
skilled in the art that nunerous variat}®ns and/or nodifications may be
made to the invention as shown in the specific enbodi ments wthout
departing fromthe spititilk lszopspodcidiced hnvesrsoms askbtbedl i deld@ri bed.

The present,, erbodi retse 388 viPeLEl 58 aha/be GeBsEdeRedohs Bhl pespect s

as e :
made to the invention as shown in the specific embodiments

without departing from the spirit or scope of the
5 invention as broadly described. The present embodiments
are, therefore, to be considered in all respects as

jllustrative and not restrictive.



illustrative and not restrictive. W 2006/ 086828 PCT/ AU2006/ 000070 - 116
CLAIMS: 1. A nethod of activating an organic coating to enhance adhesion
of the coaDi2ngp/a8es2a furt her coating and/or to 5 ot her eRCITtARS6OMIDI Si NG
applying a solvent and a surface chem stry and/or surface topography

nodi fying agent to the organic coating. 2. A nethod according to claim1,
in which the surface 10 chem stry and/or surface topography nodifying
agent is an agent which facilitates surface reduction, surface hydrolysis,
surface oxidation, surface exchange, I d‘ﬁ"(G 7 nduced surface nodification
and/ or adds chem cal functionality to the surface of the coating. 15 3. A
nmet hod accord@idigig:o0 claim 2, in which the agent which facilitates surface
reduction is a reductant. 4. A nethod according to claim3, in which the

reductant 20 is selected from sodi um borohydride, |ithjum borohydride,
pot assi um bdr-ohydy iMeEhod RE FrteMpRiRee 2t QXTI C RRVMRT i tR SHPF%oxy,
acet oxy and/z@hediidip sferdin@tdossing ey epffusaiding r&hy st des  bor ane

and bor ape | exes,; Jithium al um nium_hydride; djisobut al um ni um 25
v e, Do o R (R e RS AL ot LS il oy ST EAGH

al um ni unhy ditietiel)stand sl fwt réwdefacudo@Esyrapise sd 1 iding pogerstsi o the
tr'-Sec'bUt¥L§ﬁﬁﬁ§%?%#ﬁ§Fg§' A nethod according to claim2, in which the

agent 30 whi surface hydrolysis is an acid. 6. A nethod
according to claim5, in which the acid is an organic or inorganic acid.

35 7. A nethod agerifiy @M P td e | hih apgedh Cehacd@riscsel ect ed
fromformc acid, acetic_acid, benzoic acid, propanoic acid, nma]onic acid,
oxal i ¢ 48i d KIS STWD FOFITFEIR RSy 6F g aget 1§ 3R d.
8.h A EEt hod zagaar ditiig-H (facdjali:i{jﬁaﬁz.esi skl ade tﬂfimdafloi@animrm@l is
phosphoric acid. 5 9. A method according to . claim?2, i.n which t agent
whi ch facil ?{ya ré’slyssifrsf adeto cfat?}%%éard%l o%?%g%‘%e. %L}ﬁcfha/&q?reet hhlol a%cgr di ng
to claim?9, dindugsd suhieoxintahtfidkion ssidmedddanshenitedbr oi socyanuric
aci d. _sodi UrBy,IPOGI Ofil} &0 MRt QB RAL Q4 e RAASHIGM per manganat e,

an ea

pot assi um chromate, periodi ¢ acl tetra acetate. 11. A nethod
accordihg to claim2, in which the agent

3. A method according to claim 2, in which the agent

which facilitates surface reduction is a reductant.

4. A method according to claim 3, in which the reductant
20 1is selected from sodium borohydride, lithium borohydride,
potassium borohydride, zinc borohydride, calcium
borohydride and alkoxy, acetoxy and/or amino derivatives
thereof; sodium cyanborohydride; borane and borane
complexes; lithium aluminium hydride; diisobutyl aluminium
25 hydride; calcium hydride; sodium hydride; sodium bis (2
methoxyethoxy) aluminiumhydride);and selectrides such as

K-selectride (potassium tri-sec-butylborohydride.

5. A method according to claim 2, in which the agent
30 which facilitates surface hydrolysis is an acid.

6. A method according to claim 5, in which the acid is

an organic or inorganic acid.

35 7. A method according to claim 6, in which the organic
acid is selected from formic acid, acetic acid, benzoic

acid, propanoic acid, malonic acid, oxalic acid and kemp'’s



15 which facilitates surface exchange or transesterification is

al kyltitanate, alkyltitanate chelate, al kyl zirconate, alkylzirconate
chel at e owocodisse8i ons t hereof. 12. A net hod accor di ngpco/aal2edemodazp i n
which the agent 20 which facilitates surface exchange or
transesterification 1is selected fromtetra-isopropyltitanate, tetra-n-
propyltitanate, tetra-n-butyltitanate, tetra-2- ethyl hexyltitanate,
tetraethyltitanate, triethanolamne titanate chel ate,

tetra-n-propyl zirconate, tetra-n 25 buot }&7Zi rconate and tri et hanol am ne
zirconate chelate. 13. A nethod according to claim2, in which the agent
whi ch facil ktrakesd.i ght induced surface nodification is a free radica
initiator or a conmbination of a free radical 30 initiator with a tertiary
am ne and/or a nono or nulti- functional unsaturated species. 14. A nethod
accordi ng t 8.cl aRnm&3hodn agisiogidlinge tior edaimadicdn viiiahattée i180x A Dl e

light activated LRl thal 30 k3 g A met hod according to claim 14, in which
the visible ?igﬁt g@ti@%ﬁ&& iﬁitiator is selected from canphorqui none WO

2006/ 086828 PCT/ AU2006/ 000070 - 118 and derivatives thereof; benzophenone
and derivatigves at hereeld adicelr@ingnitrokarzaplzgndie wiardh the agent

phenyl phosphi neoxi de .derivatives.. 5 16. . t hod accordi. o claiml13, in
whi ch the t&flr“tlf’%r yFac ﬂilrjf@\éa?&erﬁulﬁfécfeloé(&ééig:eﬁoporﬁsl\l,aﬂ e n;tl' t ol ui di ne,
N, N- di net hyl am no et hyl net hacryl ate, nethyl im dazole,

NNN' N t et raggt hyl,- A a - in which th idant

NNN N t et rarngt'hyﬁph%gﬁﬁglggzgg%%ggn%fq%l% 9rfetlhn0(§v_alcccor di?néjx':tlo acr% aim 13,

i n whi chO t hd smsiefliec tagh drosh AT ighd @red@asy aspedie £ G18 s SQXEWYH f r om

acryl ates, lod idlees Y Rfciese , 1 pokihs A Uik idthanrariag to
T g e S ol ST A BRI
about 0.001 ral i t 50 t and
agent. 20 19. A nethod according to claim 18, in which the nodifying agent
is present i.n an._anmount of about. 0, Q10i .t o] % hasad t ot al
wei ght of tr}g 'cof?’oimﬁ;é[hloc#r)l o) O%g%n\?ge%t]o acnld;ll%énggzzt &2@%&A@m§oéﬁccor di ng
to claihs 1, whiobkhifeleitlndansdi fopinfgceagarathang e rap HEENS FRFELE YT s
constituent ;GONRRAN S anadle, %1@%*&6&;;&% A 41 Cligil zd v, the

solvent is an ordanic solvent. . )
alkylzirconate chelate or combinations thereof.

12. A method according to claim 11, in which the agent
20 which facilitates surface exchange or transesterification
is selected from tetra-isopropyltitanate, tetra-n-
propyltitanate, tetra-n-butyltitanate, tetra-2-
ethylhexyltitanate, tetraethyltitanate, triethanolamine
titanate chelate, tetra-n-propylzirconate, tetra-n-
25 butylzirconate and triethanolamine zirconate chelate.

13. A method according to claim 2, in which the agent

which facilitates light induced surface modification is a

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

functional unsaturated species.

14. A method according to claim 13, in which the free

radical initiator is a visible light activated initiator.
35

15. A method according to claim 14, in which the visible

light activated initiator is selected from camphorquinone



22. A nethod according to claim?21, in which the organic solvent is

sel ected fromester based sol vents, ketones, alcohols, ethers, am des,

ar onmat i cswohadéges?at ed sol vents and water. 35 23. A nerhode@modi’ng to
claim?22, in which the solvent is selected fromethyl acetate, ethoxyethyl
acetate, WD 2006/ 086828 PCT/ AU2006/ 000070 - 119 isopropyl acetate,
tertiary butyl acetate; nethyl propyl ketone, nethyl anyl ketone, nethyl

i soanmyl ketone, nethyl ethyl ketone; ethanol, nethanol, ethoxyethanol,
propanol , isopropyl alcohol, butanol; ¥¥ftfary butanol, secondary 5

but anol , ethyl ene and propyl ene glycols and Cl1.6 al kyl ethers thereof,

t et r ahydr of ahande D vet byt s pyheokofli noapzophdneneeand2derAvabtiied accor di ng
toclaim2l,_.in ich.t j onhi,pati on of di propyl ene

gl ycol di metR§Ted he$l§Qﬁ¥g$%¥§$%e%%8§b§%§3§égg?adiproplyene gl ycol

di met hyl etpeenylpsoppbpypeoaidehderiwethdasl, i sobutanol, secondary
butanol, tertiary butanol, ethoxy ethanol and/or ethyl hexanol; ethylene
gl ycol nononethyl ether: ethanql, 15 nethanol, ethoxyethanol and/or
isopropéhol%6-di%r@Eyh@ﬁe@9F€6ﬁiﬂﬂnEﬂeFi?F@tﬁér,1HiH%66 |Eﬁ893FESF?rY
nmonobut yl et haincangént dipeepytesagyirenl N, Nedhmeahydnsoluetidaky dNoNur an:

triglyme; tetrahydrofuran; dipropylene Lyc I .yl ; met hyl et hyl

ket one: ethgiwggﬁyﬁaﬁbnacSnggweﬁﬁ?ﬁ§Vl%g§¥ ﬁgngg?E§¥ﬁ%%§g%Hyl acgtatey

N-met hyl pyKNoNi Hetpametbyhyll , Aebtibnoe dibjpingcengt e: benzyl al cohol

dipropylenepﬁﬁggokegkggggéblghgﬁ?%egghxgh@ﬁgene; and net hyl propyl ketone:
: met ho

nmet hyl et hy one. according to claiml1, in which the
solventlOis present in an anount |ess than about 99.999% based on the

total dwei ghaQ}‘ hhgecaphi Ratbenial tol veatimand ,agenivhic®6.thé meflidd
according to claim?25, in which the solvent 30 i.s pr nt_in nt of
about 80% t 6UBEEGPN3S. Y9SRLRLEGSHAPPRESPor Sl SRES %F%g?rFWeago #%E%ﬁ’on of
sol vent andmeageriylafesAarndt hedyaeadddisng to claim 1, in which an additive
35 is also applied to the organic coating. 28. A nethod according to claim
27, in which the additive WD 2006/086828 PCT/ AU2006/ 000070 - 120 s
sel ect etk f r a81.r hdomeghodpdictioadd ngf itomelladeds, inettileh thgemodifying
sur factant Sag@h%pﬁﬁsﬁ%%en%mih £ARRERIGRES tIRR iabefity QSI00LY eRERN S,
stabilizers, “levelling_agents, pignments, dyes .and Lewi s acids.

on the total weight of the combination of solvent and

agent.

20 19. A method according to claim 18, in which the
modifying agent is present in an amount of about 0.01% to
about 20% based on the total weight of the combination of

solvent and agent.

25 20. A method according to claim 1, in which the modifying

agent is prepared in-situ from its constituent components.

21. A method according to claim 1, in which the solvent

is an organic solvent.

30
22. A method according to claim 21, in which the organic
solvent is selected from ester based solvents, ketones,
alcohols, ethers, amides, aromatics, halogenated solvents
and water.

35

23. A method according to claim 22, in which the solvent

ig selected from ethyl acetate, ethoxyethyl acetate,



5 29. A nethod according to claim27, in which the additive is present in
an anount of |ess than about 10% based on the total weight of the

conbi nat iwo 2066/86828ent, agent and additive. 10 30. A nmeChad2e@amoeddng to
claim27, in which the solvent, agent and additive when present are
applied either simultaneously, sequentially or separately. 15 31. A nethod
according to claim?29, in which the solvent, agent and additive when
present are applied sinultaneously in the formof an activation treatnent.
32. A nethod according to claim27, inm Wikh the solvent, 20 agent and
addi tive when present are applied via a spray, brush, dip, knife, blade,
hose, rol | ersopiropylcackediate, fHeoddarfyl dutyh sicetEigsat tvetdry Ic qrisinigt | ons

t her eof . 383. th or.di. RQ i 1N awh| t ni

coating is 511{ eﬁ'o yur g"t%?glﬁ/g, a@%@xﬁ&ﬁo e?e@eg?ylp&\g&é&bloggﬁ%r%néﬁfe otr}%élcr ylic

coating. 34ethyietiedengscGtdianglt.o matdiancl, iathevathanelot mHoPaRL1i es
are sel ect ed JRdhesice®nl SeRRMHS, HdritlE bitdidl ersedibqaressure
sensitive decal's Qr | o%g : 355‘,—“@\ nmet hod according to co{ %m 1,1 in which
excess 3ol VAIESHd/ G éﬁﬁ‘te AR n(%/gs-'éﬁqu'ﬁ B4 acerr U hsing: dry,
wat er or soletgriramMthieigioffi rteragpidofidvmen 3N ey gpptralatdiomnesqueegee;
and/ or natur_g| gétfeg ced convection evaporation. W 2006/ 086828

PCT/ AU2006/5'6](530 -'121 36. A coated substrate having an activated
coating, wherein the adhesion of the coating to a further coating and/or

other entitigs hasReepenhanaed By @PRlILE ian ofn whidl e sdyensurface

chem stry and/or surface 5 topography nodi fying agent tq the coating. 37. A

substrat@ addordisigedignmads AiRT YGRS KB Y Qb 4ty s oFhfk al |
conposi te, paddiiahy ShASIORIetRte JIRiPBlertOdialdo NGIingd s8], oSk or

fabric. 10 38. An activation treatnent, for_ gn .organic coating to enhance
adhesi on of HRPEEAL r?é‘ctogm + M oédatli%og’utaar{g?a]dr ﬁeocoorféhaelgf entities
conpri si ng d@wenant taut imrys o lohetilstry etitiory]l sand/Aze t opogr aphy
nodi fyi ng .. for. e j h iyation
%%%gﬁﬁ?kﬁﬁ%i,‘%ﬂﬂ?ﬁ%ﬁ%ﬂ#%géél e E%%Fﬁﬁéﬂef.?ééﬁéﬂaf

treatment acco o claim si ng the st m Xi ng t he 'sol vent

Wi t h t h&5sumetda niefthorvaidrso L exligadearsmrpsphy modi fyi ng agent .
dipropylenegylcol-monomethylether, dipropylenegylcol-

monobutylether, and/or dipropylenegylcol; combinations
tetrahydrofuran: triglyme; tetrahydrofuran: dipropylene
glycol dimethylether; methylethyl ketone: ethoxyethyl

20 acetate; methyl amyl ketone: ethoxyethyl acetate; N-methyl
pyrrolidinone: ethyl acetate; ethyl acetate: benzyl
alcohol; dipropylene glycol dimethyl ether: polyethylene;
and methyl propyl ketone: methyl ethyl ketone.

25 25, A method according to claim 1, in which the solvent
is present in an amount less than about 99.999% based on

the total weight of the combination of solvent and agent.

26. A method according to claim 25, in which the solvent
30 is present in an amount of about 80% to about 99.99% based
on the total weight of the combination of solvent and

agent.

27. A method according to claim 1, in which an additive

35 is also applied to the organic coating.

28. A method according to claim 27, in which the additive
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is selected from rheology modifiers, film formers, wetting
agents, surfactants, dispersants, anti foaming agents,
anti corrosion reagents, stabilizers, levelling agents,

pigments, dyes and Lewis acids.

29. A method according to claim 27, in which the additive
is present in an amount of less than about 10% based on
the total weight of the combination of solvent, agent and

additive.

30. A method according to claim 27, in which the solvent,
agent and additive when present are applied either

simultaneously, sequentially or separately.

31. A method according to claim 29, in which the solvent,
agent and additive when present are applied simultaneously

in the form of an activation treatment.

32. A method according to claim 27, in which the solvent,
agent and additive when present are applied via a spray,
brush, dip, knife, blade, hose, roller, wipe, curtain,

flood, flow, mist, pipette or combinations thereof.

33. A method according to claim 1, in which the organic
coating is a polyurethane, epoxy, polyester, polycarbonate

and/or acrylic coating.

34. A method according to claim 1, in which the other
entities are selected from adhesives, sealants, pin hole

fillers and pressure sensitive decals or logos.

35. A method according to claim 1, in which excess
solvent and/or agent are removed by solvent or water
rinsing; dry, water or solvent wiping; air or gas knife;
vacuum application; squeegee; and/or natural or forced

convection evaporation.
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36. A coated substrate having an activated coating,
wherein the adhesion of the coating to a further coating
and/or other entities has been enhanced by application of
a solvent and a surface chemistry and/or surface
topography modifying agent to the coating.

37. A substrate according to claim 36, in which the
substrate is a metal, composite, plastic, elastomer or a

material containing, glass, wood or fabric.

38. An activation treatment for an organic coating to
enhance adhesion of the coating to a further coating
and/or to other entities comprising a solvent and a
surface chemistry and/or surface topography modifying
agent.

39. A method for the preparation of the activation
treatment according to claim 38 comprising the step of
mixing the solvent with the surface chemistry and/or
surface topography modifying agent.



