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(57) Abstract: The invention relates to a multitayer article which includes a substrate (10), a first layer (20} comprising a par-
tial condensate of a diorganodiorgancoxysilane having the formula RaSi(OR"); or an organotrioreanooxysilane having the formula
RSi(OR")s, or both, where R is independendy selected from the group consisting of alkyl groups containing about 1-3 carbon atoms,
aromatic groups containing about 6-13 carbon atoms, the vinyl radical, the 3, 3,3-trifluoropropyl radical, the gamuna-glycidoxypropyl
radical and the gamma-methacrylexypropyl radical, and R’ is independently selected from the group consisting of alkyl groups con-
taining about 1-8 carbon atoms, aromatic groups containing about 6-20 carbon atoms, and hydrogen; and a second layer (30) deposited
on the first layer, the second layer comprising an organosilicon material which has been polymerized and oxidized in a plasma, the
second layer containing silicon, oxygen, carbon, and hydrogen.
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second | ayer containing silicon, oxygen, carbon, and hydrogen. 13 Septenber
2004 LAYERED ARTI CLE W TH | MPROVED M CROCRACK RESI STANCE AND METHOD OF
MAKI NG BACKGROUND |. Field of the Invention The present13 Septatiben20@ at es
generally to layered articles, and nore particularly to a |ayered article
havi ng i nproved resistance to mcrocracking. 2. Description of the Rel ated
Art. Plastics and other polynmers are comercially available materials
havi ng physical and chemical properties which are useful in a w de varlety
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whi ch, because of their excel hgfpt Ei"i'@bgﬂf\/f AN ance, ave replaced gl ass

I n many products, such as aut ormbMiE ea arrps - safety shields, eyewear,

and wi ndo prany pol ycarbonates also have properties whi ch may
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be di sadv some applications, such as | ow abrasion resistance

and suscept] bil ﬁa{dbpttﬁqgv@ﬂaﬁl on from’ exposure to ultraviolet (UY) |ight.
Thus, . polycarbonat es are not comonly used in applications such as:
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Pat ent 4, 842, 94814gUS ‘th &‘Bﬁ‘lsu ei5t FOAmSEeialiys javaidabife ‘P%F?@?lstba"aﬂg

polyear borhici e ficabgsikd GRS hPYRICOTRUBE Safe SOREIRANE

colloidal sr'licain a | phatic a
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for exampl,e di ppi.ng the polyc onate in cone bat rayi ng
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have properties which may be disadvantageous in some applications. such as low

abrasion resistance and susceptibility to degyadation from expos;ure to ultraviolet (UV)
light. Thus, polycarbonates are not‘ commonly used in applications such as
automotive and other wmdows whxch are exposed to ultrawolet light or an abrasive |
environment. o
To lessen the .probiems of low abrasion resistance and UV degradation, known
- methods of tre;'ating 'polycarbon‘ares involve the applic-tion of one or more layers of
abrasion resistant material and UV absorbing material .5 the polycarbonate substrate.
For exémple, U.S. Patent 4,842,941 describes the application of a silicone layef toa
polycarbonate substrate. The silicone layer comprises a dispersion of colioidal silica
in a lower aliphatic alcohol-water solution of the partial c*§ndeusa;e of a sila‘nol.rThe "
silicone laver is applied in a wet préceés, for example by dipping the polycarbonate in
a silicone bath or by spraying silicone on the polycarbonate. ' The silicone layer
provides abrasion resistance o the-polycarbonate and may also include a constituent
which absorbs UV radiation. | |
The silicone layér _descr‘ibed‘in U.S. Patent 4,842,941, however, may develop
microcracks when exposed to prolénged"weathering. The long term stability and
_ weatherability of the silicone layer, as measured by adhesion and ductility tests, can

also be improved.



whi ch absorbs UV radi ation. The silicone |ayer described in U S. Patent
4,842,941, however, nmay develop mcrocracks when exposed to prol onged
weat hering. The long termstability and weatherability o¢fSkhendelpomne

| ayer, as neasured by adhesion and ductility tests, can also be inproved.
| 1 3 Septenber 2004 Anot her nethod of providing abrasion resistance

I nvol ves the application of a plasma polynerized organosilicon coating by
pl asma enhanced chem cal vapor deposition (PECVD). U.S. Patent 5,494,712,
for exanple, describes a nethod of applying an abrasion resistant Iayer
conprising a pl asmashgsonsiist ofpsaviding taglolnuresmarmuevol‘aﬁs tb@/apmzmn
coati ngs ar e descrlbed S beln abl e to r tern1ac%%Ier
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carbon atons, the i cal. tr| fl uoropropyl radical, the
ganma- egC|ﬁ%ﬁ?ﬁ?oﬁ%ﬁmx?éﬂﬁgﬁFmﬁﬁﬂ“? ﬂ%?%acryloxypropyl radi cal, and
R is independently selected from the group consi sting of al kyl groups

contai ni ng about 1-8 carbon atons, aromatic groups containing about 6-20
car bon atorﬁéJMb/h%lRﬁydrogen and a second | ayer conprising a plasnm
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substrate; a first layer comprising a partial condensate of a diorganodiorganooxysilane

having the formula R;Si(OR"); or an organetriorganooxysilane having the formula
RSi(OR")s, or both, where R is independently selected from the group consisting of alkyl
groups containing about 1-3 carbon atoms, aromatic groups containing about 6-13 carbon
atoms, the vinyl radical, the 3,3,3-trifluoropropyl radicai, the gamma-glycidoxypropyl
radicai and the gammamethacryloxypropyl radical, and R' is independently selected from
the group consisting of alkyl groups containing about 1-8 carbon atoms, aromatic groups
containing about 6-20 carbon atoms, and hydrogen; and a second layer comprising a
plasma polymerized organosilicon, the second layer being deposited at a power level of
10%-108 J/Kg in the presence of excess oxygen.
A second aspect of the present invention provides a multilayer article comprising:
a substrate; a first layer comprising a partial condensate of a diorganodiorganooxysilane
“having the formula R,Si(OR'); or an organotriorganooxysilane having the formula
RSi(OR"s, or both, where R is independently selected from the group consisting of alkyl
groups containing about 1-3 carbon atoms, aromatic groups containing about 6-13 carbon
atoms, the vinyl radical, the 3,3,3-trifluoropropyl radical, the gamma-glycidoxypropyl
radical and the gammamethacryloxypropyl radical, and R' is independently selected from
2



106- 108 J/Kg in the presence of excess oxygen. A second aspect of the
present invention provides a nultilayer article conprising: a substrate; a
first layer conprising a partial condensate of a di or ganpgggsempecomi | ane
having the forrmula R2Si (OR )2 or an organotri organooxysil ane having the
formula RSIi(OR )3, or both, where Ris independently selected fromthe
group consisting of alkyl groups containing about 1-3 carbon atons,

aromati c groups containing about 6-13 carbon atons, the vinyl radical, the
3,3,3-trifluoropropyl radical, the gamrma-glyci doxypropyl radical and the
gamanet hachy goxy powgstingod dikyhgroupncbniRining abowddp® natbon htpnsedresmtd gfoupsn 2 13
Sept enber 2004. the gr consi sting of.al kyl groups containing.about 1-8
oar bonat o FERBEAHANE S SEon R aRhi iy b e & 55900 Svb PARRRE & and
hydrogen; gihnf polRER& -l JYEMoSIARY; weRSh fhe aPi@S FRn R BBRAIAY free of
organosilicon; wherein the article remaing substantially freé of
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cycle in a exenonW(;;lerﬁﬁ%\/eatthreromater. A third aspect of the present
i nvention provi #és TPt ayer article conprising a substrate, a first

| ayer conprisi noA ehifidshédd bf GRMGERAENPerion Bréki @sGAA Rl O AHORSIPHSME a
having the formula R2SI (OR )2 or an o_rganotri or gangoxysi | ane havi ng the
fornula RSEPHRtS, 3 firgrlayss comprisiag a pRrtiabcqnegasstaefeardipsganediigpeepxypilanet he

group consiist i . i 0 - r ns,
aromatic gr%h%gq%%% alur%%fg l(g{)%tg ?gﬁ?%%@%@g%n@%ﬁsﬁ?e @H@%ﬁ%&rgl&lgadi cal, the
3, 3, 3-tri f IRBI(@RYOpybothadhearaR, is iiepgaiently gklecied dhoyrpthe ydup doasisiiad ofaulieylt he
gama- et hacryl oxypropyl, radical,, and R is jndependently sel ected from

the group ¢BNESSERFLRE abouk 13 GFRBRLOTES SFNFIC OSSRt Rbaup B SLREE,
. 17 _ _ , : o
aromati C grups th&ﬁﬂﬁl%&lbél?%g@%ﬁ t&@o@gw@t@ﬁa@ﬁﬁ %@ﬁga@gaaco opydnd a

second | ayer deposited on first la e sec r ri'si ng an
or ganosi | i gadicatané theaganwhi-otettaryldrepropypridyaak rnd &disandeperdaiitlysdlectad drom
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nul tilayer containing about 6-20 carbon atoms, and hydrogen; and a second layer deposited on the

first layer, the second layer comprising an organosilicon material which has been

polymerized and oxidized in a plasma, the second layer containing silicon, oxygen, carbon,

and hydrogen.

A fourth aspect of the present invention provides a method of forming a multilayer

article comprising the steps of applying a first layer to a substrate, the first layer comprising

a partial condensate of a diorganodiorganooxysilane having the formula R;Si(OR"); or an

organotriorganooxysilane having the formula RSi(OR"); or both, where R is independently

selected from the group consisting of alkyl groups containing about 1-3
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article conprising the steps of applying a first layer to a substrate, the
first layer conprising a partial condensate of a diorganodi or ganooxysi | ane
having the formula R2Si (OR )2 or an organotriorganooxysilane having the
formula RSi (OR )3 or both, where Ris independently selected fromthe
group consi sting of al kyl groups containing about 1-3 2a 13 Septenber 2004

carbon atons, aromatic groups containing about 6-13 carbon_agtong, .th I nyl
radical, the 3,3,3-trifluoropropyl radical, the gamm-gl yéS@@E&ﬁ%?P&
radi cal and the gamma- nethacryl oxypropyl radical, and R is independently
sel ect ed f roorbonlatongg; etpmatiorgsoupss icomfaming adlokt/6-13 calps atooms; theniimyg radicalithd - 8

i ogen: obid Sl SuR8 SRR A% AR ek i 5 Shi,
pol yneri zi ngetRdtrRbo@es radien, dmtrend ﬁhzﬂeﬂd@ﬁ@%%&c%)fﬁﬁﬂthe%r&ﬁﬂ donsnapest of

the present invention provides a nmethod of formng a nultilayer article
conpr i si ng:alkypgropps gortaininggbonisly8 carben atosishgtomatie graupe contpiging abpui6-20

conpri si ng rtial . cpn a i a |_or xysi | ane,havi ng the
Formil o rotRelumERSAEKE: Rosfl s 36 00T ReR e RIORR A P &
RSi (OR ) 3, polyneizing athegadsilicen hiatepehoartdsyoxygal. ect ed from the group

consi sting of al k¥1l groups_contai ni.ng about 1-3 carbon atons, arqgnatic
groups cont ai ni fylifBasrecoefithe presen Arenton proviies g maiod of dpaaing appdtiyer 3-

trifluoropr, Leal., i | ' : ama-
met hacryl of&@%ﬁ%ﬁﬁ% gg#l%g%gﬁggr 4 ér%§ﬁ§%£%| f;l/ljé@g*ée@%) g%ﬁg'f‘ g%%taﬁelgroup
consi sti ngtoofidgnadttkpg a gim%qwggmzabmsﬂgt:eammg the &)hmmﬂfbmi;iémvmdnr aar f)m;t I C
roups contai ni ng about 6- carbon a . rqQgen; a ing a
decond | ay SREBRTGRRPFT RS yRTE PR uibRS CRapey CORHE s Oy
subl ayer f QerBEd PPt $reupRIhYSEId & MG/ 3Poups 38MaRild B0t MBiefodlatonty, t hout

oxygen and a second subl ayer forned by plasma pol ynerizing an organosilicon
mat eri al wiarémajioygrerps chhiimng ehquapd3 cartongitens, deconi radicalothexdehPl ary

o e R, LB SR el SR AR B Bl 3

descri bed iethdt@yloxairoh e sadiedl andde iddtgeatienttynlectedGrom the group consisting of
alkyl groups containing about 1-8 carbon atoms, aromatic groups containing about 6-20
carbon atoms, and hydrogen; and applying a second layer on the first layer, the second
layer comprising a first sublayer formed by plasma polymerizing an organosilicon material
without oxygen and a second sublayer formed by plasma polymerizing an organosilicon
material with oxygen.

The multilayer article, according to exemplary embodiments, may provide
improved abrasion resistance to a plastic substrate and increased resistance to
microcracking. The embodiments described in the examples below demonstrate that the
combination of the first layer and the second layer can surprisingly be resistant to
microcracking and may have good adhesion after exposure to natural or simulated

weathering.

BRIEF DESCRIPTION OF THE DRAWINGS
Other features and advantages of the invention will be apparent from the following

detailed description and the accompanying drawings, in which:



conbi nation of the first |ayer and the second | ayer can surprisingly be
resistant to mcrocracking and may have good adhesi on after exposure to
natural or sinulated weathering. BRI EF DESCRI PTI ON OF THESERAMBBIGDHOG her -
features and advantages of the invention will be apparent fromthe
followng detailed description and the acconpanyi ng drawi ngs, in which: 3
13 Septenber 2004 Figure 1 is a drawing of a |ayered article according to
one enbodi nent of the invention; Figure 2 is a drawing of a |ayered
article according to another enbodi nent of the invention; Figure 3 is a
drawi ng of an appguratf usadivehg cBmlapercd seitld avcomiing toaye embiodintent bEthe
according t.o exenplary enbodi nents of the invention;, and Figure 4 is a
drawi ng of BYfPE®%npl ary el ectrode which can be used with the apparatus of
Figure 3. DETAI HER:DESCRIRHiISN GFialsied RRERERREREMB AR MENES @ oR TRt
invention, according to a preferred enbodi ment, relates to a | ayered
article conpvangPmg a substrate, an interlayer, and an abrasion resistant

| ayer. A prinmer J.ayer . be formed between the substrate.,and th

i eriayer The Bif s FatRe bORTES-RINRD HIGERETIS AR 1Red Hfcles

absor bi ng nBigtingho edditplhBypiodihans Gfthe Mveat &t andeat herability to the
substrate. Figure 1 shows a substrate 10 with an 3a 13 Sept enber 2004

interlayer 20 addswn4apa devang pla axemplary glpstrodsovhich gagy e ysed mthsthan

addi ti onal i 15. The substrate, according to exenplary
enbodi ment saB%#rgttﬂagf?%g% ion, typically conprises a polyner resin. For

exanpl e, the substrate may conprise a polycarbonate.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention, according to a preferred embodiment, relates to a layered
article comprising a substrate, an interlayer, and an abrasion resistant layer. A primer layer
may be formed between the substrate and the interlayer. The primer layer and/or the
interlayer may include a UV absorbing material. The layers provide improved

weatherability to the substrate. Figure 1 shows a substrate 10 with an

3a



Pol ycar bonates suitable for form ng the substrate are well-known:-In the
art and generally conprise repeating units of the formula --R-OGC -0
where .Ris a divalent aromatic radical of a dihydric phtEh8éptémber 2004
radi cal of 2,2-bis(4 hydroxyphenyl)-propane, also known as bi sphenol A)
enpl oyed in the polymer producing reaction; or an organi c pol ycarboxylic
acid (e.g. terphthalic acid, isophthalic acid, hexahydrophthalic acid,
adi pic acid, sebacic. -acid, dodecanedioic acid, and the like). These,

pol ycarbonate resins are aromatic carbonate . polyners which nay be

prepared b eactjng,one,or. nore di hydri enol,s,with a t bonat.e :
precursor’%ﬂiﬂ’eﬁébﬁﬂgﬁaéﬁ&s“’g fﬁ%ﬁF@f‘b%ﬁfﬁ‘i 20. e éathgﬁéPead@Z? | PHEIET 5 el |
known in pfheisirt. One exanple of a pol ycarbonate which can be used is

LEXAN(r), available from General Electric Conpany. The substrate may also
conpri se a pol Jhesebstrateh aerardingin exereplarylsmbodimenteef thpynveation| typically

For mi ng. qenPasies pootylirabit Kur R e Silte M ToRTRe ool Giordle, '

may al SO PEIpirbekates SHIEIHIP oo Srhfing 'thé HabsEe ard TWelltlindwn ATOtBETIrE and@f
suitabl e thernoplastjc materials include pol yethylene, . polypropylene,

pol yst yr eBRNeraly GOMRTISE Zensatngunisafyhe fﬁ‘T“éiE%oh‘ol . pol yvi nyl acet al ,

pol ymet hacryl ate ester, polyacrylic acids, polyether; polyester,

pol ycar bonate, cellulgys resin,. polyacrylonitrile, polyamde, polyimde,
pol yvi nyl chl oride, fluprine containing resins and polysul fone. Exanples of
sui tabl e therm)iét t%\r/v:jal s include epoxy and urea nelamne. Acrylic
pol yners, al so”wWelTYknovin™h the art, are another material fromwhich the
substrate may be formed. Acryli ciqgio;érre can be prepared from nononers

such 4 1avBepibistclivalou promanteicel o3 Jihudies Phesple s Auerisal AERRRINGH | C
and i ho. 1A SEhRR VPl 48 NnoBE b JkoheRbI® ) HHBIEIth B B €
producing reaction; or an organic polycarboxylic acid (e.g. terphthalic acid,
isophﬂlalic acid, hexahydrophthalic acid,— adipic acid, sebacic acid, dodecanedioic
acid, and the like). These polycarbonate resins are aromatic carbonate . polymers
'which may be prepared by reacting one or more dihydric phenols with a carbonate
‘precursor such as pﬂqﬁgbnc.‘a haloformate or a carbonate ester, as is well known in
the art. One example of a polycarbonate which can be used is LEXAN®, available
from General Electric Company. |

The substraté may also comprise a polyestercarbonate which can be prepared :

by reacting a carbonate precursor, a dihydric phenol, and a dicarboxyiic 'aci& or e'siér
' forming derivative thereof, as is well known in the art. -

The substrate may also compﬁsc a thcrmoplastié or thermoset hatcﬁd. .
Examples of suitable thermoplastic mit_eﬁals include polj{cthylene,.polypmpylcne,
polystytene, poiyvinylacctatc, ﬁolyvinylalcohol, _polyviﬁylacetal, polymethacrylate

- ester, polyéccvlic acids, polyether, polyester, poljcarbonat‘e, cellulous ' resin,
polyacrylonitrile, polyamide, polyimidé, polyvinylchloride, fluorine ,containihg resins
and ﬁolysulfone.‘ Examples ’of‘ suitable thermoset mateﬁals include epoxy and urea

. melamine. ~ '

* Acrylic polymers, also well known in the art, are another material from which -

the substrate may be formed. Acrylic polymers can be prepared from monomers such -

4



met hacryl ates, such as hydroxyethyl acryl ate, hydroxybutyl acrylate, 2-

et hyl hexyl acryl ate, and n-butylacrylate may al so be used. Pol yesters can
al so be used to formthe substrate. Polyesters are wel | -¥KhSeptember 2004 i n,
and may be prepared by the polyesterification of organic polycarboxylic
acids (e.g., phthalic acid,. hexahydrophthalic acid, adipic acid, nmaleic
acid, terphthalic acid, isophthalic acid, sebacic acid, dodecanedioic
acid, and the like) or their -anhydrides wi th organic. polyols containing
primary orassgeaidlaidtyladr Sofylic GeRl Phethbérylc - ad,"YARRA GhefERylaRU ieine

gl ycol , neopentyl glycol, and cycl ohexanédi net hanol )" Pol yurethanes are
anot her . dnetbacrgatenseysiohgkyl wmathasrdate,. andethgs dillet Substittiteadh acrydatis tandt e.
Pol yur et hap | |- known -i,n ,the art, and. ar epar by the reaction
of ~a pol W@ga%lgtae e '3?1%‘ a%oll‘ygfo?yﬁg%lnp F‘érggbef‘ M?f?y%ﬂgﬂyi é%@!fmatgs

i ncl ude hensgteryhighdae, did shayRaglaee mhphldebe usiid. socyanate, M, isophorone
diisocyanate, and biurets and triisocyanurates of these diisocyanates.

Exanpl es of usdiolyesisst G alse ke perecto fogh thesubstpgr Rodyesters are whlktkinown

lyol's, pel , : LVQL& .. § at nd t he
Pkn B & Chnd ol e preplied By(1iE pBfieetificadod O ocaiEOMlCap@fic) 12
i(nc: uget i'acﬂy [aﬁégi. p}ﬂhhﬁe hciﬂat_li?mhﬁifbl epl%thaliteaéiecg Iadii;f;c aé?i’ésl.x@&et feio %%d’) tem)?élﬁ%\’c;( '

(0] u ene : e, .gval l a e . r.o ngra eciril c ). ), (I a
b on of * BERA RPN RORCR 9di MaRranrbi aifcnt theolks) o GHEF.  ang
the |ike. : 0 A convent | . |
by 1 1] o BRIRLD SHIE bR piljols VoA prinfl R Nebofaky IARRY glips™ @ ©

nol di ng,. (spapthilene glycab butylege glycah stepentyb gliicoly and bypdtotedxafedimetgnoBnd t he
li ke. Th ti j ha and .need, .not be a.fi.ni shed article
o:‘ gorrrre?cg,r L#ﬁ@ufe;mﬁege%@“@ﬁ% él?fég‘ﬁ‘ 'ﬁﬁ'ﬁg&ga‘?mﬁﬁ AR thths&ﬂﬂl cb:a cut
or sized sibstrae! Polyatthindshppwellkabwn in theian| atbsle Prdpatd by teQesidalorat e my

be transparent or not. transparent. The substrate may be rigid or flexible.
An i nt er | @yBolyisecyagaeand e polyokybs Examplescebrgeivy palyiseeyasatssdinalude of t he

i nvention j & Ei 20- e ces a
i ooor " et d disSefidat, folueh Qiib ¥y Bhd DI Ao oo shc F AN, R §
-biurets and triisocyanurates of these diisocyanates. Examples of useful polyols include

“low molecular weight “aliphatic.'polyols, polyester polyols, polyether polyols, fatty
alcohols, and the like. : .

Examples of 6thcr materials from which the substrate may be formed include

acrylonitrile-butadiene-styrene, glass, VALOX® (polybutylenephthalate, available
from General Eiectric Co), XENOY® (a blend of LEXAN® and VALOX®,
available from General Electric Co.), and the like.

The substrate can be formed in 2 conventional manner, for example by
injection molding, extrusion, cold forming, vacuum forming, blow molding,
compression mdlding, transfer molding, thermal forming, and the like. The article

- may be in any shape and need not be a finished article of commerce, that is, it may be
sheet material or film which would be cut or sized or mcchanidally shaped into a
finished article. The substrate may be trénsparem or not transparent. The substrate
may be rigid or flexible. A _ '

7 An interlayer is formed on the substrate according to one erﬁbodimcnt of the
invention as shown in Figure 1. The interlayer 20 typically comprises a dispersion of
colloidal silica in an-aliphatic alcohol-water solution of the 'partial condensate of a
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colloidal silica in an aliphatic al cohol-water solution of the parti al
condensate of. a 5 13 Septenber 2004 di organodi or ganooxysi | ane havi ng the
formula R2Si (OR)2 or an organotriorganooxysil ane havi ngli3 Septémabend4

RSIi (OR)3, or 'both, where Ris independently, selected fromthe .group
consi sting of al kyl groups containing about 1-3 carbon atons, aromatic
groups contai ning about 6-13 carbon atons, the vinyl radical, the
3,3,3-trifluoropropyl radical, the gamma-glyci doxypropyl radical and the.
gamua- et hacryl oxypropyl radical, and R . is independently selected from-

t he group; kSbi - Kyl PS Nt 3 a ; _ carfon af ons,
"aronmat i ? l °’§%§°§E5’@%ﬁ?§£aﬁ% ng l}i%g%] 6}‘% c-glr}ﬁgl?]lgat gﬂn%sl(%%g' hyd’? oge?#

Typi cal | prganbaicigamogaysildno r pvingp ths | fommelaa REI(OR)or gartmith] ovigaeoRx\si | ane
are precyrsors,tq a silanol of the formula RS 3 or R2Si (OH) 27

oot | ependenty Gpifcsnd Rom e gt i B oF ALY EINES COMSRUtE pth-B Ky
radi cal s = %r&ﬁdtk‘;é} ini Wit 6li 3rcady : .
3,3, 3-tric%fb33ra(t)&rl)€56pyl ra .3?@%"’3%%%%3%?@?%’3@@2é’gu’yéé lmilal_hd t he
ganma- netlead.syB-oitiporappepyl redicad athe gamanarglyoidopyproppirradical amd fheer garaina- _
condensate js typically abtained £yomihe ondensat j gn .of CH3Si ( 3, a
ni nor poﬂﬁ%fﬂ%’ yp&gg'hrggfcage ‘g lgbt’sai WQW‘?%& c%@%*’?ger{ i e \ﬁg’ct(’?f? :
CLHSSI ( Ofbrssi HZﬁiail%?H) @6it@intrighaBoud 1310k M3iis( Ardmatit:

CH2Q( CH2) BSils((%) 3, ogf%?rlig;t ures r{g;)ear e'f)tf. Typi cal |y, gt I eggt @gﬁﬁel ght .

percent eentaimingstonke20carboniatams, and bygrggeoH) 3. The partial condensate is
typically in "}'yﬁﬁ*hﬁgr,i fhe m}ggﬂo&iaféaﬂcg&@sﬂm‘feo lah& _i-tﬂglorganotxiorganooxysilanc
 are precursors 0 a silanol of the formula RSi(OH); or R»Si(OH),, respectively, in
which R is selected from the group consisting of alkyl radicals of:j:l to 3 carbon atoms,
the vinyl radi;;al,.the 3,3,3-trifluoropropyl radical, the gamma-glycidoxypropyl radical
and the gamma-methacryloxypropyl radical. .
The niajor portion of the partial condensate is typically obtained from the
condensation of CH;Si(OH);, a minor portion, if desired, being obtained from
cocondensation with C;_Hssi(OI-I)3, C;3;H;Si(0OH);, CH,CHSIi(OH)s,

CH,

rI:HCOO(CfahSi(omg, , ?fucnzqcnzbsuomp .

CH
3 0

or mixtures thereof, Typically, at least 70 weight percent of the silanol comprises -
CH;Si(OH)s. IR |
' The partial condensate is typically in a solution which includes a colloidal -
_sili‘ca dispcrsidn and a lowerA a]ipﬁatic alcohol-water cosolvent. The alcohol is
typically a lower aliphatic alcohol, e.g. less than 6 carbon atoms. Suitable lower
aliphatic alcohols include methanol, ethanol, isopropanol, and t-butyl alcohol, for
example. Mixt_urcs‘ of such alcohols can be used. The solvent system typically contains

from about 20 to 75 weight-percent alcohol.



silica dispersion and a | ower aliphatic al cohol-water cosolvent_ The

al cohol. is typically a lower aliphatic alcohol, e.g. less than 6 carbon
atons. Suitable |ower aliphatic al cohols include nethant Sepehben?q04

i sopropanol, and t-butyl alcohol, for exanple. Mxtures of such al cohols
can be used. The solvent systemtypically contains fromabout 20 to 75

wei ght - percent al cohol. 6 1 3 Septenber 2004 The particles in the coll oi dal
silica dispersion generally have a dianeter in the range of 5 to .150 '
nanoneters. Siljica dispersions_can be prepared by nethods well- known in
the art and ar dhedamasles w thy calleidalmiica dispession geterallyghavecs dihmetexdetier ks as

"Ludox" ( ) ’ ag" (. ( . cal ). Typicall col | oi dal
silica o%@& ﬁgggﬁe%§ﬁg%ﬁ'i e sf%‘sﬁ?és g%ne%)ip#paf%igbytrgetﬁ?ﬂsaﬁvﬂk- '
gi sper E : arkmolvaih nige art adld ake ahh;w}iﬁ&iégl_lyi dvhﬂablaﬂdctléro.s_uﬁhlﬁlﬂgiﬁermt _deaa?ks%vil ggt
esirable optigal properties. The dispersion typically contains from10,to
50" per pent LbyedPyRonD gnd SSicass” (NAIESG Shequca et oT yhigaiBe saheinal fheaoi 10

to 70 per . YWa]ak Ladal . shl:i n i 30 . .per.cent by
wei ght Tof OF o ndfivipter Bt SR 18 el it (haft e obea pdfhioh RAAE
prepar ed ldysisabits stapilityi anidito pyoviidearmatingshaving desiriidie (0pGtE)@opérdesol | oi dal

silica. hydrosols .apd adjusting the pH 1o the desired | evel . by -addition of
an acid. ySui tab?‘g #?Hcéﬁlé){b%%'%rfé’gm%se f?‘ﬂoﬂ)e‘%g‘ﬁtpaﬁph Y_ﬁ‘é?’_ﬁg‘@[, sofidhoxy, -
| SOpr opox yheaslids chiwiSting @setitially WENDI0 70Nperéent BY Wei¥ht Of ¥liciddlls ?cfaa#ﬁ the

correspondi.ng_al cohol, ‘thus generating at |east a portion of the al cohol

pr esent - frorhiltoc¥hpsreent by sysaght of the.paisd rogdemsatat i.on of the silanol in the
o1 . 20420 1 e o B BRbARA 1 e LR M OB o 5
si | oxane aeRSI(OCH:),, appolbsiddtsikcathydrdsblsyandfadjitih eRpHORARE BVl
Toi s sol uBY 8o PERR et oH GRS Dl DU aBr st Foainges medharchthory.
Vel y i B B B o e B B el e 0™
t hese r esteirsporiding alcphal, thus generatinig at least a portion of the alcohol present in the
coating composition. Upoﬂ generation of the silanol in the acidic acjueous medium, .
there is condensation of the hydroxyl substituents to lform' -$i-O-Si bonding. The
condensation is not complete, biit rather the siloxané fetains an appreciable quéntjty of
silicon-bonded hydroxyl groisps, thus rendering the polymer soluble in the Qater-
 alcohol solvent. This soluble partial condensate can be characterized as a siloxanol
polymer typiczﬁly having at least one silicon-bonded hydroxyl group per every three -
SiO- units. During curing of the coating on a substrate, these residual hydroxyls
condense to give a silsesquioxane, RSiOs. o '
To obtain desirable properties in the interlayer and to prevent rapid gellation of *
‘the interlayer composition, sufficient acid to provide a pH of from 3.0 10 6.0 is
typically present. A composi:ibﬂ haﬁiﬁg a pH in the range of- .6.0 - 8.0 can also be
used, however. Suitable acids include both organic and inorganic acids such as
hydrochloric, acetic, chloroacétic, citric, benzoic, dimethylmalonic, formic, glutaric,
glycolic, maleic, malonic, toluene-suifonic, oxalic and the like. "
The acid ¢an be added to either the silane or the hydrosol pﬁor to mixing the
two componcnté, provided that the mixirig is done rapidly. The amount of' acid
necessary to obtain the desired pH will depend on the alkali metal content of the
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condense to give a silsesquioxane, RS G3n. To obtain desirable properties
in the.interlayer and to prevent rapid gellation of .the interlayer
conposition, sufficient acid to provide a pH of from 3. 013 Se@edbes2004
typically present. A conposition having a pH 'in the range of 6.0 - 8.0 can
al so be wused, however. Suitable acids include both organic and inorganic
aci ds such as hydrochloric, acetic, chloroacetic, citric, benzoic,

di met hyl mal onic, formc, glutaric. glycolic, maleic, malonic,

t ol uene-sul fonic, oxalic and the like. The acid can be added to either the

silane or . drosol rior,to mxing,the two onents, rovi ded that
the mxi nﬁi‘Fg' ng ‘r‘%’ﬁ*lﬁll‘?s U Oﬁﬁﬁﬂ‘?\‘ghb?emﬁ@l of ﬁ‘ﬁ Jon. g‘“@ﬂh%ﬂl ¥ the

desired t tﬁé}}% t e @f enber -
2004 sil |%€d@r%t % grt?a X Bge%@%dxﬁggét%l g ??ptggcsedr??go;:& &aﬁf‘p%
conposi ti lvydroledsxscdf(ﬂnc Imple gé*&mﬂﬁ)bgemyajcaﬁ yyiles affethianel. d])dwnghngw;ﬁ)hl tuents

Sfente?gt lelhgnﬁ‘wggrs@f éﬁ{éﬁﬂﬁ& mhégpﬁﬂ%ls‘l?‘l%"%ﬁf’%t mﬁ@%c%‘ﬁ&’é‘ol‘\"’d%‘) Bbél red in

the fi nal waRpBRISsibleOblvent $hk ibeNAddedl TNBOinter l%?éleéoxﬁlﬁosﬁlon"‘%t %Fp:&il
sol vent can be added. The interlayer conmposifion is- typicdlly mxed

and. al | oméxed andallowedto agesfasiarshortrpesieda titherte ensursrformatidroofithei [Iamtmif t he

partial ¢ T; e &0 L O obtaln s a,.clear or
slightly ﬁ%rﬁ%g/&fs%}w%\? 'ts]%gs% JOW E{:‘l’ tﬂﬂg%#){sm scpa%) atf' Ihaa-‘é)’% The
interl ayensmifp(fﬁmdwmans:aﬁblbeompémladayso sol i d subst rat es by conventi onal
nmet hods, such as flow ng, spraying, brushing, roll coating, curtain

coating, and df e IEFlAYETRPRRPSitigngmcan &g applie (?ssoildrsfléi!@tqsl b)fﬁowpﬂ@%ﬂll y, the
terl
ror o o iheftils 3ubf S 0SSyt briliEherion dife. ARRRE bk, MaTB] °0S

condi ti on:,oatmg tdnﬁa‘m mgontmuomasur&cgeﬁlm‘ TyPicaipGhe urayrldger has:eslilak.tyests(mfobt ain

condensat resi dual si.l-ano in the, partial.cgond ate. fi naI
core raodiS e PR op 12 ik, s (ABicaRY 3740; Bhcrans RBECH

- Adg' £ on@knyodcRn Wil m%@amknsee Sbfdlitiét Bt RO tHea¢ BF 56-158°C be used

" may be necessary to obtain condensauon of residual sdanols in the partial condensate.
“This final cure results in the formation of a silsesquioxane of the formula RSiOj),.
"Additional information regarding interlayer composi_tiq:is' which can be used with
-exer_nplary embodiments of the invention is disclosed in U.S. Patents 4,027,073;
4,419,405; and 4,914,143, all of which are incorporated herein by reference.
An abrasion resistant layer is typically applied over the interlayer, as shown in
. Figure 1. The abrasion resistant layer 30 i_ncreaﬁcs the scratch resistance of the layered
article and typically comprises a plasma pol)'rnerized organosilicon material
| containing silicon, hydrogen, carbon, and oxygen, generally referred to as SiOxCyHz.
Typically, 05<X<24,03< Y < 1.0, and 0.7 < Z < 4.0. The abrasion resistant layer
typically has a thickness of 0.5 - 5.0 n_licfons, more typically 1.0 - 4.0 microné, more
: typxcaliy 20-30 m:crons B
The abrasion resistant layer is typlcally applied by plasma enhanced physncal
vapor deposition (PECVD) i in which capacmve coupling or inductive coupling is used
_to introduce energy into the system using known types of plasma polymerization
equipment. According to exernpiarj embodiments of the invention, PECVD is used to
initiate the polymerization and oxidation reactions of an organosilicon compound and
excess oxygen employing a power density ranging from 10° 10 10® joules/kilogram
8



exenpl ary enbodi nents of the invention is disclosed in U S. Patents
4,027,073; 4,419, 405; and 4,914,143, all of which are incorporated herein
by reference. An abrasion resistant layer is typically appberidmbes2004he
interlayer, as shown in Figure 1. The abrasion resistant |ayer 30

I ncreases the scratch resistance of the |ayered article and typically
conprises a plasma polynerized organosilicon material containing silicon,
hydr ogen, carbon, and oxygen, generally referred to as Si OxCyHz.. Typically,

0.5 < X< (%)Oﬁf%&é n@vépdetﬁﬁgésgn@y?r&iuic‘hlﬂm Jﬂ%h%%%@gkr\ﬁ@kqiﬁ&} | ayer

typically has a t ess Q .0 mcrons, nore typi-cal 4.0
m crons, nensgties ypy qubduyceAiltns- which are dess rabrasitineresistant i Dypicatly| okgieh jsayer is

typically applied by plasma-enhanc hysi.cal _vapor deposition (PECVD) in
Wl ch capdCrRr, B BB ARG 1B, SRt FAFE SN IOHiCY esBtany i foniditsaac
ener gy i nisflidol @nd ¥&ber etz ndsilidor YdifRSounli. Pl asma pol ymeri zati on _
equi pnent. According to exenpl ary enbodi nents of the invention, PECVD is

used to i niti dlower Hensiiyliy ther value oW /EMdwhsreinalWi is anriepustpiowres appliaifor

i

organosi | i an XC X empl ovi-ng a power density,ranging
from 106 £ gﬂ%;@ﬁ%ﬁ#@g ’%r}?%ﬁgé[hﬁ%% Eée/ %gg{c’évg%éergéfggﬂeafpokéﬁs.“ EFRYESPD poner
densi ti es inBwidy/seclund Miid e mblecdlaeasightyofah@fdaciahi IntKs/muds. Fod@naixhir€S my
produce films which are |ess abrasion resistant. Typically, oxygenis

present i Af geseafsuprwarrdeasiesan b calewated frome WOREMI wherein e inslicatasythe o

oxi di ze akj,.sj]. . an. T, ikt henorganasi | i.can conpound. Power densiﬁty
a he Svari ke GREaRRbeeR iR hikb®B] AR WiBAR B ar ity Hiee "
gener at i oandxithesgest dxygdh &QﬁnglE_pio@IﬂebﬁedFl'dl&btfv@tlﬁy&fcahhﬂ foPRed diithgases
expressed .in noles/sec, and M-is-the nolecul ar wei ght of the reactant in

Kg/ mol e. F‘H?S"_a‘erﬁ’gﬁ‘_iﬁ’ ghe lgyercheingssubsiantiglyenongeracking, clean, apdordess.curdiaedl from
W EF1M \A@fé@iﬂﬂﬂﬁﬁﬂﬁﬁﬁies t he I th" gaseous conponent in. the, .m xture.

By practi ci e power density range and with excess oxygen .
a. si ngl e pol yn#h¢ pelynmeras efettherechasaomrized an Heing arhighly anossliskeds plyinept €

rf he .| [ i n nti all non crackin I ear | orl
f}grda;ﬁa _E:on?amla (:E:nleat.‘s)teom:gl)fsl.llileb-Potl‘l%wti_ng‘f?1 y hon cracking, ctear, colortess,

| I - | |
-S]i_-O-Si--,-Si-CHg,-.Si-H,and-Si-OH
I l I

functior groups, and trapped water.
Figure 3 illustrates an examélc of an apparatus 100 which can be used to fdnn
+ a plasma-polymerized film on the surface of a substrate. The apparatus 100 includes a
power source . 124 which may comprise a variable frequency powef source. The
apparatus comprises a reactor vessel 102 into which the gaseous reactants are
mtroduced from an organosilicon mondmer source 104, an oxygen source 1(5_6, and an
inert 'g.as source 108 through mass fiow controllers 103, 105, 107, respectively. If
desired, the different gases and vapofs_ from the indicated sources can be mixed in a
- mixer 110 prior to introducing them into the reactor vessel. The reactor vessel 102 is
conn;cted to a vacuum system 130 for evacuéting the vessel. [
Disposed in the reactor vessel 102 are a pair of opposed electrodes 120 and

* 121. The substrate 122 to be treated is placed between the electrodes 120 and 121.
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strongly adhered thereto. The polyner is further characterized as being a
hi ghly crossl.inked polynmer containing at | east one of the -foll ow ng:
-Si-OSi-; -Si-CH!,-.Si-Hand-Si-OH | | functional grolhpSeptambet2Gidped
water. Figure 3 illustrates an exanple of an apparatus 100 which can be
used to forma plasma-polynerized filmon the surface of a substrate. The
apparatus 100 includes a power source .124 which may conprise a variable
frequency power source. The apparatus conprises a reactor -vessel 102 into
whi ch the gaseous reactants are introduced from an organosilicon nononer -

source 104, an oxggeln s&ér_cg 1og’lgjnd an inert t.%as source 108 through nass
f1 ow cont Rypicaliy thslectyerss 126 and 124 re cpyrgeied tforthe yasiable frequercydpewer ent
gases and f I Ly C ) | ) xpr 110
o o TARRELEL AR b Sess NPT, BN i B2 QuiNialf 1900 Bleclledfiy 10,
i s conneThedidcaodesy 32(%and 424t eam BhS3Bhéwer heral typei ¢lecttdues welsisk linclRiis posed in
the reactor vessel 102 are a pair .qf opposed el ectrodes ,[120 and 121. The
SUbst r at cnumber of tUch helgt Goph rhiclh e €RsRBH, FeRAY e disgemred ptoahg 121. 9
13 Sept ern %ﬁ&Q,Qﬂ,CT%@gé;qbiymn;%gSgéﬁ@tlﬁﬁgq@z_lm and 121 -are connected to
the variable frequency power Source 124, while the vessel 102 is grounded,
and the substr aseshown inl Kigers 4l dbetaléatrodey mayTimelude o seredosf d@nand 4421 can.

be sh d t | ectr. i ch incl ‘nunber of inlet h
Chr ough PR RepGRS AmBRcp el M incheasE g ety of W Blasitec e Fleedess or ¢ ne
vessel 10gpicaRynifidsdesa'Rial platd 140 arldl 2 frodé pidi©Wa2 ivvhiktt fHal Lofltaid R6les! 196! r 0des

may include ' a series of nagnets .144 which produce a nagnetic field to

i ncrease fonentedugtion of gesseupireasiants e teckesseldd82. Theimagueys ildd| ade a
e o gy g o, Bl O ot O B s 1,
magnetic field with the opposite magnetic pole of the same magnet. In this way, the
* magnets may be arranged such that a component of the magnetic field is parallel to the '
‘electrode surface. Consequently, the ExB force will result in confinement of
.secondary electrons emitted from the surface of the elcctfbcié. which increases -the
density and uniformity of the _p‘lasma. The resulting plasma also extends a greater
distance from the electrode. | '
In peration, d':xc abrasion resistant layer can be formed by first evacuating the
reactor vessel 102 with the vacuum pump 130 prior to introducing the gﬁseous
. reactants. Next, an inert gas such as argon is introduced into the vessel 102 at a
predetermined flow .ate. The plasma is then 'gcnemted and allowed to stabilize. After
the plaSma stabilizes, oxygen and an organosilicon such as tetramethyldisiloxane -
(TMDSOQ) are introduced into the chamber. The abrasion resistant layer is typically
deposited directly on ti.c inteﬂaycr ata po_wcr'lcv'el of l_O6 -~ 10° J/Kg in the ';'Srcsence :
'_.of exén_:ss oxygen - and comprises an ‘organosilicon material which has been
polymerized and oxidized such that it contains silicon, oxy'gen._'c-arbon, and hydrogen. -
_ Alternatively, the abrasion resistant layer can be subdivided ihto two
sequentially applied sub-layers. When depositing the first sublayer, an 'inert'_.gas such
as argon is first introduced into the vessel 102 at a predetermined flow rate. The
plasmé is then generated and allowed to stabilize. After the plz;\sxha stabi]ize-s,' an
organosilicon such as TMDSO is introduced into the chamber. Typically, the flow
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typically configured such that each magnetic pol e- of each nagnet 144
produces a magnetic field wwth the opposite magnetic pole of the sane
magnet. In this way, the nagnets may be arranged such ttibepembepitdnt of
the magnetic field is parallel to the electrode surface. Consequently, the
ExB force wll result in confinenment' of .secondary electrons emtted from
the surface of the el ectrode, which increases -the density and uniformty
of the plasma- The resulting plasma al so extends a greater distance from

the el ect rgfg.of MBS 36 iafsbn sMboBOLASI IR 4185k %a%g&ﬁﬁrcoﬁ%%%i&h“d by

first evacuating the reactor vessel 102 wi £th the vacuum punp 1 prior to
i nt roduci ngmimatedaseous  reactants. Next, an inert gas such as argon-is

i ntroduced intogthe vessel 2 at edetermined flow .-ate, The plasnma
i s then generat € e‘én%:_pgf’ﬁ%ége tsﬁoé‘?a%ﬁi?yf’é."’%g?gr‘s_. il ‘%F‘&@‘ﬁﬁd Jppihe zes,
oxygen and:hamber PSS picA@Brraied 1a% raRl TAEPIRMads HenVeRb@red AN Iwed €

I ntroduced into the chanber: The abrasion resistant layer is typically

deposi t ed 8 §takilizs, Aiiterjthe plasres |sigpilizess an prgaresiliconesuahi ag (EMDS08is)/ Kg.
in the pr : R y ; | §€S.-an,organosil i con materi al
whi ch has qﬁ%@%&%’o’}ty err%g ??@%h gﬁo)? ?%ﬂgesgxﬂggé% §St ﬁrgféa\lf dg%‘ﬁﬁ?[ﬁfl 8 2R %on,
oxyggn,-. g?rdbozf Clle‘hd hobgagerin mbtpen'emﬁcbveﬁ )exc&sgeoﬁgéxlisw cofifpriséann. | ayer
can be subdivided into t .sequentially app]ied sub-layers. Wen _

deposi t i n@#aNes *F?%P%’&Y@Wi’,h%éize?ma?lmagﬂlswm%%ﬁwfhﬁsnFpn@tns _

I nt r oduced;iijicaho n assa Ia,;@%, 3 P ) : asma is
t hen gene?gitcgg' %%}%Q%I lowed to s(?%goc?i ?glggﬁ%?ﬁégrﬂﬁé& kpcfegs% S %E)-‘lpﬁjf%g ., an

or ganosi | iz ahowtuth. a¥ha Mpekness of nhe sehond dsublayer i eypidadlyber-. 30Nyimtesathey, t he

and or ganQURRIESR e ol Pof e bt it sidves B Ahickacsiatond
subl ayer, o@Sy-ORS microhs, 26l the et Ol iBthyeNingy hidee a BHAMBR ot 102- 810 Bicrons.
predetermned flow rate. 'The plasma is then generated and allowed to o
stabi | ize. Aftd¥lternasivplyaiedransitienifrom éhe fiesh sehlayande the spoand subiages canvDsO i s
be achieved by ramping down the argon flow while ramping up the oxygen flow.
The plasma causes the reactants. to polymerize and form a plasma-polymerized
film on the substrate 122. The film-forming materials are typically in gaseous form.
Gaseous reactants, sqoh as organosilicon monomers, are vaporized from the liquid
: fomi prior to entry into the reactor chamber.
The organiosilicon comg »unds typically used are organic compounds in which
at least one silicon atom is bcaded to at least one carbon atom and. include, for
cxample,- éi]anes, siloxanes and silazanes. These organosilicon compounds may be
‘used individually or in combinations of two or more. Exﬁmples of silanes include
diinethoxydim‘cthylsilane, : wethyltimethoxysilane, . tetramethoxysilane,
ethyltrimethoxysilane, R diethoxydimethylsilane, methyltricthokysilane,
octamethylcyclotetrasilane, triethoxﬁinylsilanc, tetracthoxysilane, dimethoxy-
methylphenylsilane, i)hcnyluimcthoxysilane, 3-glycidoxyprobyltrime;hoxysilanc, 3-
methacryloxypropyltrimthoxysilane, ' diethoxymethylphenylsilane, tris(2-
methoxyethoxy)vinylsilane, phenyltriethoxysilane, and dimcthoxyc_iiphcﬁylsilane.
Examples. of siloxanes include tetramethyldisiloxane (TMDSO),
hexamethyldisiloxane (HMDSO), and octamethylcyclotetrasiloxane (D4). Examples -

of silazanes include hexamethyldisiiazane and tetramethyldisilazane.
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I ntroduced. into -the chanber. The. second sublayer, is typically deposited
at a power level of 106 .- 108 J/Kg in the presence of excess oxygen -and
conprises an organosilicon material which has been pol yhebépteatbanef04
oxi di zed such that it contains silicon, oxygen, carbon, and hydrogen.
Typically, the flowratio of TMDSO to oxygen is about 1:1. The thickness
of the second sublayer is typically | - 30 tinmes the . thickness of the
first sublayer. For exanple, the first sublayer may have a thickness of
0.05 - -1.5 microns, and the second sublayer nmay have a thickness of 0.5.-
3.0 mcrons. Alternatively, the transition fromthe first sublayer to the
second subl aye H'Oc;@haﬂ%éhﬁéﬁleémed)fbbe intariayen2Qitothe siesteate) th af ;bmncmlayére

ranpi ng u the l.a au he, react ts to ynerize
and form gs ﬁa"pgeﬁ]ﬁ& Q? Pﬁ?ﬂ%ﬁ%t‘ %Sétlfﬂ'g{e @18“‘1‘2‘? OFfjatgn E&]’For i ng
mat eri al sm@érﬁgywmocarrw pﬁm&a&@;@ﬂasf A conSpiRON ShEMRREARE Sthethidiladie

organosi |l i con nononers; are vaporized fromthe liquid formprior to entry

i nt o- t he. matesiabfor pxample. Typigal gla:hatsmr byar bm&!}ﬁb!ﬁss phiabaut §.2us28 are
organi ¢ cgim Wqﬁ"“g%’}mﬁﬁﬁg AL i ga}ﬁltcr&geﬁdrj: tﬁ? X Isloeended tg.hat | east

one carbon a or’n an f'or “exanple
si | azanespnﬁbehyemgaﬂmiﬂclmra Wrmmrbd@ mayridlcas wﬂﬁb‘b Hexdiibedibalbly or in
conbi nati ons of t i ncl ude

i ot hoxydi i AETRIRGEIS e SisbpRRp e PHIBER UGS MRt stemer o ane.
ot Amet hy e ?"'a%ﬂf’gﬁﬁ‘*b“" pgo ny#ﬁ@merfgﬁ%éﬁ%éﬁ AR
di met hoxypartved harl phalsydrs iwhicte ; almhem;{hmm wamhozyhydhaqe;ether or an alkanol
& St oy O FRBEm T HFtbof Sfoms, antotn oo, pbraiaies e soeoring "
AN L@?ﬁ‘?@ﬁ%ne“‘?%mbﬁﬁﬁﬁi“aﬁ%‘?ﬂ@‘?‘aﬁﬁ%ﬁs°°(€%‘wﬁs&°XSRSS
oct anet hyRegsest by eveighti [frpm aboytDl o aEqmw @ercent thermaseanble acglicdelids, .
hexanet hy g b’ %080 16 ATl ledldde iR otel hot absoRi Sy BShpdaas’

from about 20 to about 40 pcrcent ofa hydroxy ether or an alkanol, and from about 40

'to about 78 percent of water. .

- Thermosettable acrylic po_lymgrs which can be used in the emulsion are well
known in the art. Exexhplary thermosettable acrylics are set forth, for example, in The
Encyclopedia of Polymer Science and Technology, Vol. 1, Interscience Publishers,

John Wiley & Sons, Inc., 1964, at p. 273 e seq., and in Chemistry of Organic Film
Formers, by D. H. Soloman, John Wiley & Sons, Inc., 1977 at p. 263 et seq., and the
references cited therein, all of which are incorporated herein by reference.

The hydroxy ethers are represented by the general formula:
R-O-R%-OH

‘wherein R’ is an alky! or an alkoxy alkyl radical containing from 1 to aBout 6 carbon
atoms and R? is an alkylene radical ‘containing from 1 to about 6 éarbdn atoms,
~ provided that the sum of the carbon atoms present in R' and R? is from 3 to about 10.
The alkanols containing from 1 to 4 carbon atoms include methanol, ethanol,

propanol, isopropanol, tert-butanol and the like.
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To enhance the adhesion of the interlayer 20 to the substrate 10, a priner
| ayer .15, as shown in Figure 2, can be applied to the substrate. 10 prior
to formation of the .interlayer 20. The prinmer |ayer 15i@gptewhpr20id a

t hernoset or thernoplastic nmaterial,. for exanple. Typically, the prinmer

| ayer has a thickness of about 0.2 - 2.0 mcrons, nore typically 0.4 - 1.2
m crons, nore typically 0.6--L"0 mcrons. .The  priner |ayer may al so

i nclude a Wabsorbing naterial, as will be described below. According to
one enbodi nent, Bk leal t ' . nprisi ng
a therrmsettabllgtfg?glgglﬂﬁ%rh?ﬂgjrkr%}%@% eur)rrﬂ%ggrtngja fﬂyﬂggs;lp&hﬁ?gag y Mis
_part_of af theewates iavd hydiiox etiles or atkanal compaieats of ahe hrinkenzympodiion @ an

al kanol cont ai ni,ng.fr I 4 ca n atons | east one ul traviol et
i ght _ abs GVBRHEEd G ped e it Fal et obrisilon M L ahenasie demic |
conposi t i GRiyasIena! th WBPMctENGght! dbsofbRf rsemmmw@ir%io % Ve Ql?ﬁ’éﬁno%) etl O

about 10 percent thernosettable acrylic solids, from about to about 10
per cent ofaceic psimar layes containing e witravidlesHigha pesortisi, n@ddmnpdtmdt;nptfonmﬁ about

20 to abo hy d from ahout 40
to about %rﬁ’g' Z’ﬁ"t}ﬁ er}%m\%/a{fag 1 cg?s?éfog'ipe%l}p @"“23123#5?? PRERFRP B can - be
used in tMereﬂﬂby&eﬁmnaéemhhose&mg/\@crync pbBmek emuGIMRbRehafee #® SRbt abl e
acrylics are set forth for_ exanple, in The Encyclopedia of Pol ,

Sci ence afemmessially @ygilablgy| for f—xama%eefr@mm B biaas e Rhiladglphie, \ﬁ/A@y &
Sons, Incn %ﬁ & at p. 273 e. seq., and in Chemistry of Organic Film

For ners, . Sol onon, John Wley & Sons, Inc., 1977 at p. 263 et seq.,
and the referem:celslmg tted andthereiembadiment thii phimar elayetcona;orahqﬂ;sbeael n by

R o RPN Relsral d ey GFRuGASeckp il o st doRboloR ng
from ! toepbapie, & Eﬁéytamedlatdr%mﬂér Bichée Ay rk&mbﬁiﬁ ?' P%x&&ﬂ@% ni ng

from1 to _about 6 carbon atonms, "provided that the simo t'he carbon atons
present i Rublishersgiglm Wiley 8o Soas. tIac. abiS68). 20 p. 24thes seqk ambths refenerace witad) f rom |

to 4 car bﬁﬁﬁ‘g%’?‘f %:ﬁ'%% hgpctbg}qﬂgdrpor%{ela%}oljefemngéopanol i sopr opanol ,

tert-butano

The term thennoplasnc acrylic polymers” refers to thennoplasnc polymers
resultmg from the polymenzauon of one or more acryhc acid ester monomers as well
as methacrylic acid ester monomers. These mo:.omers are represented_by the general

formula
CH>=CYCOOR!

wherein Y is H or 2 methyl radical and R' is an a]kyl radical, preferably one.
containing from | to about 20 carbon atoms.
_ The thermoplastic acrylic polymers are in general applied as pnmers from a
primer composition contammg the. thermop]asuc acrylic polymer and a2 volatile

_ solvent, either organic or inorganic in nature, which is generally substanually inert,
i.e., will not too adversely affect the substrate, e. g polycarbonate, to be treated but

- which is capable of dissolving the thermoplastic acrylic polymers. Get_rerally, the
concentration of the thermoplastic acrylic polymer in the priming composition ranges

- from about 0.5 to about 25 percent by weight, preferably from about 1 to about 15
percent by weight. Examples of suitable solvents include ethylene glycol diacetate,

13



12 1 3 Septenber 2004 In formng the priner |ayer according to this

enbodi nent, a substantial portion of the water and hydroxy ether or

al kanol conponents of the priner conposition are evaportl Septehbera?idst he
resulting solid | ayer conprised of the thernosettable acrylic polynmer and
the ultraviolet |ight absorber '"is thermally cured to provide a thernoset
acrylic prinmer layer containing an ultraviolet |ight absorber. Additional
description of thernoset prinmer materials is disclosed in US. Patent
4,242,381 which is incorporated herein by reference. Thernosetting acrylic

P om Ronmodot /et G {eRo) enBk gRof BT ikceRine BR84S WRE 10T her

enbodi nengnixtukes thereofer . | ayer may conprise a thernoplastic nmaterial.
Exenpl ary thernoplastic acrylic polypers are set faorth, for exanple, in -
Encycl opedi a of* P@?%%“chf_éh‘ééh‘?{wp Hi pEMSE Fompgpition is ppplied; pntenibe

Publ i sher Na WV 'afbo%‘ifés G ' : ad, t he
ref erenc eﬁlcblsg}g%' e'gvhﬁe(?je(ﬁ‘ n, a Fs%l?&%hbiyc'ﬁ‘} %g?%nk@%ﬂel ys'fcﬁé}ig @(ﬁlggfe’sgr@{z}?g,

r ef er encerolftmating and theHikenAfiendiei formaed polycaripmiaterpars’s costédmdtit the primer

t her nopl asti c pol rs. resulting fromthe polyperizatiopn of one qQr, nore
acrylic a‘&‘?'ﬁp%gg‘l‘%{ qﬁ%ﬂﬁﬁe‘@atgg s\ﬂg']ef“ may 'Wﬁﬁ’cﬁ%?’dﬁ&@g %§P€‘FH wHdfer s. .
These NONgHA'the @bﬁtileeﬁlﬁ‘e%?@{rﬂgxﬂls,géﬁriﬂgfﬂ%ﬁ%}cr 14yRF BF bSarfrglcdntiABnyher ei n

Yis Hor a nethyl radical- and R) is an alkyl radical, preferably one.

colnt ai ni rigefmeplastict @crnllim@plﬁz@rcm be Redysashongigesurfage rtopwhichi theaprigierc .
Cont ai ni rigrinssich 8 BopiRAP Wdatihe RLaIERS bl i s Torehl B Vi

ei t her orghizhGs Akoipdfit@bidréiniby réferetice. Which is generally substantially
inert, i.e.., wWll not togo adversely affect the substrate, e.g. ‘ )
pol ycar bonat e; Othsr perimessapich sar beyiised ipclude dhptee msmulcsured vbn Bdhe

ther mopl a4 S Yapsny? OF S Eafupi®ah SEANK Ynatki comprising a 50/50 by weight-
| blend of two thermosettable acrylic emulsions known as Hycar 237 and Hycar 256 can

be used. ' , ‘

 Various UV absorbing materials may be incorporated into the primer layer 15

-and/or the interlayer 20 described above. The UV materials protect the substrate, e.g.
polycarbonate, from degradation exhibited as yeliowing by absorbing the UV
radiation. According to one embodiment, the UV absorbing material comprises a

silylated hydroxybenzophenone having the following formula:

Y
/' N\ v/ \
‘Z/-**- =/ "Z
wherein :.

| |
Xis /\C=0 or \C:=C"'—-!C—' ow
/] -

- o CN
Yi;HorOH; .

Zis H, OH. 0Q or OW;
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concentration of the thernoplastic acrylic polynmer in the primng
conposition ranges fromabout 0.5 to about 25 percent by weight,
preferably fromabout 1 to about 15 percent by wei ght. Bx3api¢wberai004

sui tabl e sol vents include ethylene glycol diacetate, 13 13 Septenber 2004
but oxyet hanol , et hoxyet hanol, nethoxypropanol, diacetone al cohol, and the
like or mxtures thereof. A uniformfilmof the thernoplastic priner
conmposition is applied onto the .substrate, e.g. polycarbonate, surface by
any known d raylng, roll-coating and the I|ike.
After the f l%g&Cﬁgﬁﬂlzﬁ%@%Q@bﬂg%T H|s coated =with the primer conposition,
the inert ' k;be sol vent may be rempved 'by drying the coated article
until the v Mmpl'vent evaporates, |eaving a primer |layer of coating
cont ai ni-ng the thernnglastlc acryli-c polyner on the pol ycarbonate surface

to which tWeerpM isds | oedn¥dsili 2 ondvds Bpp Reds amalkwtomlhmqyehawhg laoe
di scl osed J 5 t h
Cu ot ence Co b X80k BuSPHAE) o L0k Ok RPN AL by

B.F. Cood, amimﬁermarla For exarnple an acrylic nateri aI ,_corrprl sing a 50150

by weight blend of_t herrm ettabl e acrylic emul sions known as Hycar 237
and Hycar 256 d%u?"?fé"& é&i %?‘i Hlfs“@@r’ébgﬁfr Hienprimge davenlis Zrethylhexyl-2-

[ ncorporatcegnd_glgqh E?H&Exgjlﬁé’e estribed} ?/ Bk IR ﬂﬁ'ﬁt[ll a\ﬁer‘g@%gt scri bed

above. The” W rrate s pr ot ate, e.g. ycar S rom
degr adat i bmd@gmlﬂtseddmgey,eﬂnﬂdﬁwsng by absor bi ng. the UV r.adi ati on-
According to one enbodi nent, the WV absorbing material conprises a
silylated hydroxybenzophenone havi ng the foll ow ng formul a: wherein Xis =0
or YisHorOH, Zis H OH OQ or QNO

\

I
c=<|:—-—c—ow

/

and W is CgH,7. This compound is available from GAF Corporation as Uvinul N-
539™, T '
The - ultraviolet light absorbing agents may be prepared, for example, by a

convenient method starting with a compound having the formula:.

Y .
4 Nyt N\
2= —""0H

in which X, Y and Z are. 'as defined attove In this method, enc mole of the above
compound is reacted in a solvent with-one mole of a base, €. g sodmm methylate, to
form a salt, eg., a monosodium salt, wtuch in tumn is reacted with a halogenated
_alkoxysﬂane or alkanoyloxysilane havmg the formula ClCHa(CHo)“S1(R2),c(OR;)y
This cmbodlment of the UV absorbing material may be mcorporated into the

mterlayer 20, as well as-into the thermoset or thcrmoplastlc primer layers 15 as

15



011 - _..C--Onv OCN 14 13 Septenber 2004 Qis a -CH(CH,),,S (R )"(CORY),,,

and Wis-CnHim, ,; where Uis 0, 1 or 2, Vis 1, 2or 3, U+V =3 R is
an al kyl or al kanoyl having Ito 6 carbon atons, R2 is al¥d a¢memberak(0dg 1.
to 6 carbon atons, preferably nethyl, nis 0, .1 or 2, and m=1 to 18. A

preferred UV absorbing material for the prinmer |ayer is 2-ethyl hexyl-2-
cyano- 3, 3-di phenyl cyanoacryl ate, described by the above formula in which Y
is hydrogen, Z is hydrogen, and Xis: % _~-~CON CN and Wis C8H12.
Thi s conmpound is available from GAF Corporation as Winul N .539TM The .

ultraviolet |ight absorbing agents may be prepared, for exanple, by a
conveni erfesenbedo gbavearAddigonal t ﬁetaﬂ%m%’ﬁm&llﬁmm@WMmehmqnei Rvhi ch X,

a2 o, AE S UGG " PR (MR WS RREE

met hyl at eneréift byréfe@hee.sal t, e.g., a nonosodiumsalt, which in turnis
reacted with a hal ggenated _al koxysi | ane ar al kanoy| oxysil ane having the

fornul a Cl CH2(44Pyding He) anaether yembagmeriyioddthee ri@ve@ﬂmhélzg;yUéfbsahsmbsg
mat eri al %pr{gﬁs 4 {’%%[P?’Eﬁ%?%%%swﬁ“ﬂ hg‘;lgéglzé/gggnap& as-well as -into the

t her noset

er nop

ayers 1

OR

wherein each A is independently a Substi.tuted or unsubstituted monocyclic "or
polycyclié aromatic radical, and the substituted monocyclic or ﬁolyc;yclic aromatic
radical has substituents selected from.the group consisting of hydrogen, halogens, |
-alkoxy groups, Ci.s élkyl groups and hydroxy groups and R is hydrogen or a linear or .
branched aliphatic chain  having less than ‘about 10 carbons. The
pdlybenzoylresofcipo]s are typicaliy 4,6-dibenzoylresorcinol, 7~ 4,6-di-(4t-
butylbenzoyl) .rcsorcinol, 4,6—dibenzdylé»propylresorcinol and 2,4,6-
tribcnzoylresorciﬁbl; | _ '
This efnbbdiment of the UV -absorber can be incorporated _into"-a' thennoﬁct

primer, for example, as a component of the thermoset primer emulsion composition,
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1 3 Septenber 2004 descri bed above. Additional details of the silylated
hydr oxybenzophenone W/ absor bi ng naterlal are disclosed in U S. Patent
4,419,405, which is . incorporated .'herein by referenct Seienben24-t o
anot her enbodi nent of the invention, the UV absorber conprises at |east
one pol ybenzoyl resorci nol havi ng the formulae CCA ORC-A 11 0 wherein
each A is independently a substituted or -unsubstituted nonocyclic ' or
pol ycydic aromatic radical, and the substituted nmonocyclic or polycyclic

aromat i 43eGaled 15U LVARLAG LT REDe L AorE iR BENSPELLRO OF

hydr ogen, ogens -al koxy groups roups an oups
and R is hyimeagen ther umerlayﬂﬁé&sombcd ubare. hﬁddmbhﬂhdétm@s afeatizclosed @ﬂ U.8ss than

-about 10 carb pal yhenzoyl resorcinols are typically
4, 6-di benzpéﬁmgrshcﬁgélag h“(:)h | is pegebyjingorposatediyt pfepaiss oyl ) resor ci noI

4, 6- di benzoyl - tzﬂnzrmydv&lﬁ Canﬂg@& ﬂiuﬁratsr:w?@ Fiyes" cf a»mh% ThiS

enbodl nment. of w abs I ncor porate her nos priner,
for exanplmnoascrabmbnpmseﬁth&mvtrhmm her noset pri ner emJI si.on conposition,

16 1 3 Septenber 2004 as described above. The UV absor bet- can al so be

i ncorporated into the thernoplastic "primer or the interlayer described -
above. Ad(BXAMK!E pgetails are disclosed in U S. Patent 5,869,185 which is
her eby i ncor porat ed by reference. The fol | owing exanples further illust rate
the features ann aaylimbasgd prigrer laygr wag applidsol@i pnivasy gfadettack wisdow dor

' adar comprising a polycarbonate. The acrylic material was a 50/50 by weight blend of
two thermosettable emulsions supplied by the B.F. Goodrich Company, Hycar 237
‘and Hycar 256. The emulsions were combined with 2-ethylhexyl-2-cyano-3,3-
diphenylcyanoacrylate (a UV absorbing material known as Uvinul N-539™ avmiabie .
from GAF Corp.), cm'xc acid, and aqueous butoxyethanol such that the sohds _
consisted of 2.56% by weight of acryhc polymers, 1.44% by wexght of ”-ethylhexyl-
2-cyano-3, 3-d:phenylcyanoacxylate and 0. 025% by wenght of citric acid in 25% by
weight 2-butoxyethanol/75 % by weight water. '
~~The primer was ‘applied to the polycarbonate substrate and allowed tb air dry
for 20-30 minutes. Following air drying, the primer was thermally cured -for 60
minutes at 129° C (265° F). The thickness ranged between 0.5 and 1.0 micron.
After cooling, an interlayer was applied. The interlayer comprised about 10%
by weight of the silyiatéd hydroxybenzophenone ultraviolet light absbrbing agent
' described above and in U.S. Patent 4,419,405 and a dispérsion of colloidal silica in an
‘aliphatic alcohol-water solution of the partial éondensatc of the hydrolysis product of '
methyltrimethoxysilane. The dispersion contained 25% by weight of solids and had a
pH of approx1mately 7.5. - -
While mamtammg a slight air flow to stay below cxplosnon lmuts for the
_ splvents, the coated part was air dried for approximately 30 minutes. Following air
. drying, the interlayer was cured at approximately 130°C for 1 hour. The thickness of
the cured interlayer varied between 4 and 10 microns. After weathcfing-in Fiqxida at

five degrees off horizontal for 1 year, there was no adhesion loss, but there was micro
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EXAMPLE 1 An acrylic based prinmer |ayer was applied to a privacy grade back
w ndow.for a car conprising a-polycarbonate. The acrylic, material was a
50150 by weight blend of two thernosettable enul sions slijppentenben2dide B. F.
Goodri ch Conpany, Hycar 237 and Hycar 256. The enul sions were conbi ned

wi th 2-ethyl hexyl - 2-cyano- 3, 3- di phenyl cyanoacryl ate (a UV absor bi ng

mat eri al known as Uvinul N-539TM avail able from GAF Corp.), citric acid,
and aqueous -butoxyethanal, such that the solids consisted of 2.56% by

wei ght of acrylic, polynmers, 1.44% by weight of 2-ethyl hexyl -

2- cyano- 3, 3- dl phe I cyanoacryl ate, and 0.025% by wei ght of citric acid in
25% by weirakd ﬁ%/%&'e‘:"ﬁ%mﬂaﬁ%%%@l ﬂe‘FfQFFt'CWK/a!f‘E'? tesyApecaiedrby AREMapbl i ed

to the p@ﬁgagg&négﬁn&ﬂﬁéhr ate and allowed to air dry for 20-30 m nutes.

Fol l owi ng~air "drying, e primer was thermally cured for 60 mnutes at 129
C (265 F). The thickness ranged between 0.5 and 1.0 micron. After cooling,

an interl g{gE applied. The interlayer conprised about 10% by wei ght of
t he silyl lﬁ%?oxybenzophenone ultravi ol et |Iight absorbing agent

described abovg sgighd sadéu%nd&awg 78pr é:aféc? "ﬂ’ﬂés&%ﬂ? Eaﬂdeﬁrﬁﬁféﬁﬂ s e Sl i dal

silica in an aliphatic alcohol r sol ution partial con ensate of
the hydr @syb¢ sipdowus tExafmple Irmxhgpttthatmn*mwislnimaﬂy cokted dzmlpem sabrasion

cont ai ned_ 25% t. of solids and.had, a, pH o oxjmately 7.5. Wile -
i it a1 PSR IR ot S RPRIEYers 7 dBEnbiy Banye TRE RORSRp aesy é?t lem,r

sol vent s wish@phaRbe glash polierivation! bf RerafrthyldiBH RahdTTIDS PO THE

Fol lowing air drying, the interl ager was cured at' approxi matel \f/f 130C for
hour. Th@olymesization wes carrigd oBLinetPEGVE @W&%ﬁrﬂlm inddigure 3 Fidr theo

m crons t t in .ﬁ‘q?ﬁtq f|v ar f horizont for 1
year, t th ?ﬁbﬂ(‘ﬁe@ % eu&l Qggg Cher e witﬁ EOYSI@é’pt gn%ér 2004
cr acki ng('rmm:aegbmza’ﬁhdrpmw @cdzswy twasely ﬁrmﬁsmgtmapesw was PBemilfitazg] by
ASTM D 3359 - 92a,.test net hoq:

and the duration was 3 minutes. For the second sublayer, the reagents were TMDSO

and oxygen with a flow ratio of 1:1 (TMDSO: oxygen). The power density was 7 x 107

J/Kg. The préssure was 3 millitorr, and the duration was 73 _r'ninutcs._ The total

thickness of the two sublayers was about 2.5 microns.

After weathering in Florida at five degrees off horizontal for 1 year, the sample
passed the ASTM D 3359 - 92a adhesion test, and there was also no micro cracking,

EXAMPLE 3
A sample was prepared of polycarbonate/primer/interlayer which was identical
1o Example 1, except that the imérlayer had a pH of 5. The sample waS exposed to
- 6875 kIfm® of radiation in an Atlas Xenon Arc Weatheromieter according to ASTM
G26. ASTM G26 specifies a continuous exposure to light and intermittent exposure o
water spray. The cycle was 102 mmutes of light followed by acycle of 18 mmutes of
Vllght and water spray. After an exposure of 6875 KJ/M?, the sample passed the AS'I‘M :
D 33‘5'9 - 92 adhesion test, but exhibited extreme microcracking.

- EXAMPLE 4
A sample was prepared which was identical to Example 3, except it was

additionally coated with an abrasion resistant layer comprising two sublayers as
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EXAMPLE 2 A second back w ndow was prepared. The second back w ndow was the
sane as the window in Exanple 1 except that it was additionally coated
with an abrasion resistant |ayer conprising 2 subl ayer si3aSememnber 208d
above. The abrasion resistant |ayer was applied by plasnma pol ynerization
of tetranethyl disiloxane (TMDSO) .. The plasma polynerization was carried
out in a PECVD apparatus as il Iustrated in Figure 3. For the first '
subl ayer, the reagents were TMDSO and argon with, a flow ratio, of 2:1.

( TMDSQ: ar gﬁgénlag-ﬁ%ogé"’ﬁfe MR s o la%eﬁwéé/ P?I Esﬁaﬁ)%%%g}'@ggpf t he

millitorr t he duration was ut es Sec
reagents veramdthpieGiloaas RSO THe plaﬁzha)\/potmaraadén iwas| c4rAibDSMA iaxygen) .

The power m was 7 X.,107 ;h pressure-was 3 mllitorr, and
t he durat.i Wsnﬁﬂgs“aﬁfg gi%.’Fc ﬁ‘i’fc‘!@ﬁé-’é‘%‘ Sblayefe therfeagelss Nase s was
about 2.5 mers@ﬁm N withRAie &ét@of@lﬁgﬁ{r?lge@&@ Nf mﬁg f%@‘@ ﬁgg%eﬁawgﬁsw on

hori zontal f year, the sanple ' passe
test, andx HlerJéKEJa'Bﬁa?f@tsuwm T millitorncind nige duEXARYE oAt 3mphﬁ:svm the epar ed

of oI car bonat rinmer/interlayer was, i dentic 0 Exanp
excgpt yt hgf’c?"?ﬁ]egébﬁ?ygfléye?ag?g ¢ \mf’g‘) F0 %I%ﬁ%\&s 83‘?’p5‘§@d°?d l6g75
kJIn2 of (TFWMBSOOsxygenRThApbRer XERAY whksT VGt WNEs OTR! [REssARCHEEB REiIiBnASTM

&6. ASTM (26 specifies a continuous exposure to light and infermttent.
exposure @pd %#eﬁaﬂebm abawe2 T pinesakhievigtal thicknesssolothe| tvghsublayersowesl by a
cycle of 18 1 n’{‘ﬁ o Of . light and water. spray. After an exposure of 6875
KJ/ M2, the sa e passed the ASTM D 3359 92a adhesion test, but exhi bited

extreme mcroc r‘]?ireksangaje waEXAMREE 16 68 7Sakiin® ofasiisticpiar @f AMbs CRenteaS Arc
abr as! on PECHETHRFRE SSaIi0E ARSI & fondhe simely Srea b OTH B 41 o828 2004
descri bed,aRQ¥eh ediad AR RstleRRibiGRy HhidRicrdcRing! Was applied by plasma = -
pol ymeri zation of

EXAMPLE S L

A sample was prepared which was identical to example 4, except tﬁat tﬁc
thickness of the abrasion rcsisfant léycr was 4 microns. The sample was exposed to.
6875 kI/m’ of radiation in an Atlas Xenon Arc Weatherometer according to ASTM
G26. The sample pass;ed the ASTM D 3359 - 92a adhesion test and did not exhibit any

_ rrucrocrackxng ' }

The examples demonstrate that the combination of the disclosed interlayer and
abrasion resistant layer is surprisingly resistant to microcracking and has good adhesion
after exposure to natural or simulated wcathenng

Other embodiments of the invention will be apparcnt to those skilled in the art -

'from a consideration of this specxﬁcauon or practice of the invention disclosed herein.
It is intended that the specification and examples be considered as exemplary only, |

w:th the true scope and spirit of the invention bemg defined by the followmg claxms
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tetramet hyl di sil oxane (TMDSO . The plasma pol yneri zati on was carved out in
a PECVD apparatus as illustrated in Figure 3. For the first- sublayer, the
reagents were TMDSO. and argon with a flow ratio of 2: 113 Japsoberdtid). The
power density was 7 x 107 J/Kg. The pressure was 3 mllitorr, and the
duration was about, mnutes. For the second subl ayer, the reagents were
TMDSO and oxygen with a flow . ratio of 1: 1 (TMDSO oxygen). The power
density was 7 x 10~ J/Kg. The pressure was 3 inillitorr, and the duration
was about 27 minutes. The total thickness of the two sublayers was about |
m cron. The&CkARSe was exposed to -6875 kJ/n2 of radiation in an Atlas
Xenon Are Wat heroneter.according to ASTM 6. The sanpl e passed the ASTM
D 3359 - 92a adhesi n}uggfxyeé IC(H‘?%P%SH&N bit any m crocracki ng. EXAMPLE
5 A sanpl e was preparggbwhitgh was identical to exanple 4, except that the

t hi ckness of the abrasion resistant |ayer was 4 mcrons. The sanpl e was
exposed to 6875 kJI rfirgflaysidpaprisngiapagiel ppndessaieaiomdiarganydigigsaeenystlae

according t T O'i@)ma MR dhesi on
test and dil Vﬁggﬁéeﬁoﬁg%at&gﬁy i %%Q@%ﬁ%m@-&xa%@g@t eeﬁ%%‘sl rate that
the conbi nRSIEDRYS, oi bsth it BSie thdepérichity sdlecidiifrorihagioap coestdtidg afitlklyhyer
I's surprisingly resj sta&t to_m crocracki ng and has good adhesion_after

exposur e t EPHSEPARIERE Bhow | 2B RSAIRS AFHBELCE YIS CORFTINE RS OJP cerhon
i nvention W e ' | h f
consi der at \i%ar{h %?&tﬂ?s a}é%g{i:ll' %?géjt??glﬁﬂ%dﬁb%ﬂpggtr?%ggb etﬁhe |an%}2§11ftu|@xc?’r? r%ﬁyécl osed
herei n. | tradisaliant ¢éhredsarbdatthadrglos pmopfliredital pandaids axdapgidestlbeelactadsirater ed
as exenplary only, w.th th rue scope and, spi.rit of the invention being
et i ned by tpebeoniitiog o5l hetinscaBEabaldrt sban ReEOmALe oups
nul tilayer captairfih€alculBIA0Tafdn atoms, and hydrogen; and

a second layer comprising a plasma polymerized organosilicon, the second

layer being deposited at a power level of 10°-10% J/Kg in the presence of excess oxygert.

2. A multilayer article comprising:

a substrate;

a first layer comprising a partial condensate of a diorganodiorganooxysilane
having the formula R,Si(OR'); or an organotriorganooxysilane having the formula
RSi(OR")3, or both, where R is independently selected from the group consisting of alkyl
groups containing about 1-3 carbon atoms, aromatic groups containing about 6-13 carbon
atoms, the vinyl radical, the 3,3,3-trifluoropropyl radical, the gamma-glycidoxypropyl
radical and the gammamethacryloxypropyl radical, and R' is independently selected from
the group consisting of alkyl groups containing about 1-8 carbon atoms, aromatic groups
containing about 6-20 carbon atoms, and hydrogen; and

a second layer comprising a plasma polymerized organosilicon;

wherein the article remains substantially free of microcracks after being

exposed to 6875 kJ/m? of radiation in an ASTM G26 cycle in a xenon arc weatherometer.
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a substrate; a first layer conprising a partial condensate of a

di or ganodi or ganooxysi |l ane having the fornmula R2Si (OR )2 or an

or ganot ri or ganooxysi l ane having the fornula RSi (OR )3, tS¢pempernd¥de R is
i ndependently selected fromthe group consisting of al kyl groups

cont ai ni ng about 1-3 carbon atons, aromatic groups containing about 6-13
carbon atons, the vinyl radical, the 3,3,3-trifluoropropyl radical, the
gama- gl yci doxypropyl radical and the gamranet hacryl oxypropyl radical, and
R is independently selected from the group consisting of alkyl groups
cont ai ni ng about3. 1- 8 Acenubdayeaedivle comrBHig: ¢ groups cont ai ni ng about 6-20
carbon atons, and hydrsﬁ%ﬁr@ﬁ .and a second | ayer conprising a plasm

pol ymeri zed or ganosi 1% $he second | ayer bei ng deposited at a power

| evel of 106-108 J/Ka firkk Iajte cBMBESIAS @ paftia ¥aRISHsatxyTEdiorgdnodiorBdhddxlyaiyie
article conprising: a substrate; a first |ayer conprisi ng}ma parti al

condensat e hgying thf HrguladeStPian 6bxy eigpaefaorgpeexysilanedavigeins Prmeki (OR ) 2. or
Cr " . . _ .
"0 P hdepondSl (R8N Hh, e RN Mo ddanl PLLGH i Tol potsdl bFangher ©

cont ai ni ng gahgyicodtamhippabbon] -Gteatton atomdyatdntatgrepoyys contairinhibagt 6410 whrbonl3
carbon atons, the vinyl radical, the 3,3, 3-trifluyoropropyl radical, the
ganma- gl yci@RI oyt radigl; gﬁﬁ%&“tﬁ]%olﬁaﬂﬁﬁﬂéfﬂatglaﬁ%w&l%%??xlﬁ’é‘my&al . and
R i's | ndepandanhh o BhREkadhld OB bR 15AUA, SRR |ShBsratn) dly AiRpS
cont ai ni ng .about 1-8 "car bon atcgﬂs,yﬁé?gynatc?c or oups1 cgl%tnail}nﬁlng gbout 6- 20
car bon at orils granpl consibting ef alkahgroapsentaing ayert 1ebegrbérsatagpssarpinagegroups
pol ymeri zed or ganosi |l | . wherein t rticle, remains substantially free
b o oor SeReting sk R sk Geles b BEBRRES FL of radi ation I n an ASTM
(26 cycle in a xenon aakEondaafdrAepisRbe by tHrdBlaye Pihe RBRnd 284 c&nprising an
mul tilayer article conprising: a substrate,;

organosilicon material which has been polymerized and oxidized in a plasma, the second

layer containing silicon, oxygen, carbon, and hydrogen.

4, The article of claim 3, wherein the diorganodiorganooxysilane or the
organotriorganooxysilane comprise a silanol of the formula RSi(OH), or RSi(OH)s,
respectively, in which R 1s selected from the group consisting of alkyl radicals of 1 to 3
carbon atoms, the vinyl radical, the 3,3,3-trifluoropropyl radical, the
gamméglycidoxypropyl radical and the gamma-methacryloxypropyl radical.

5. The article of claim 4, wherein the first layer further comprises colloidal

silica.

6. The article of claim 5, wherein the colloidal silica comprises particles

having a diameter of 10-30 nanometers.

7. The article of claim 5, wherein at least 70 weight percent of the silanol
comprises CH3Si{OH); and (CH,),Si (OH)Q.
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a first layer conprising a partial condensate of a

di or ganodi or ganooxysi |l ane having the formula R2Si (OR )2 or an

organot ri organooxysi | ane having the fornula RSi (OR )3s ©F Sepiempent@de R i s
i ndependently selected fromthe group consisting of al kyl groups
cont ai ni ng about 1-3 carbon atons, aromatic groups containing about 6-13
carbon atons, the vinyl radical, the 3,3,3-trifluoropropyl radical, the
gama- gl yci doxypropyl radical and the gammarnet hacryl oxypropyl radical,
and R is independently selected from the group consisting of al kyl groups
cont ai ni ng about8. 1- 8 Therabtne of damn 5S.avkmreinitiee ﬁgﬂst)ﬁp@ copprised Hi tog/ Oaight 6- 20

carbon atons, a dr . ..and cohd | ayer d ited. on the first
ayer. the PetseBlor (Y SURAEE 5P ndaf TS0 Bris s BE e warial Porid8iiate h has
been pol yneri zed and oxidized in a plasma, the second |[|ayer containing
silicon, oxygen, carbon, and hydroggg 4. The article of claim3, wherein

the di or ganodi ordganodbhpsrticinel daim hevheseig sheolinst yerdiubsscompases aonpavislet a
si | anol of rﬁ&%é}&i@bﬁaﬁg&% 2 or RSi(OH)3, respectively, in which Ris
e groupg ¢

selected from onsi'sting of alkyl radicals of 1 to 3 carbon
atons, the vinyl radical, the 3,3,3-trifluoropropyl radical, the

gammagl yci doxypr.opyl radi cal and the gamra- net hacryl oxypropyl radical. 5.
The article of dioal mie aifede of flaion Wherep eyEpvipls everoBs MakTSLeoBRIFo! dal

silica. 6. Tﬁlﬁé@g‘?ﬁﬁéﬁkﬁ%@é wherein the colloidal silica conprises

particles having 10- 30 nanoneters. 7. The article of claim
5, wherein at |east 70 weight percent of ‘the silanol conprises CH3SI (OH)3

and (CH3)2Si ( 2. 13. Se nbe 004 8. e article.of claim5, wherein
The irar | ayer Mompredlicfebt SRRtovEigip teiauRle! Bisofhice ebiaial s ca
and 30 to 9Q1e48 dRtpoBBEEANIresrcihbe partial condensate. 9. The article of
claimb5, wherein the first layer further conprises an ultraviolet

radi ati on absorbing material .
12.  The article of claim 5, wherein the first layer is applied by at least one of:

flowing, spraying, dipping, brushing, roll coating, and curtain coating.

13.  The article of claim 5, wherein the second layer is formed by plasma

enhanced chemical vapor deposition of an organosilicon monomer.

14.  The article of claim 13, wherein the organosilicon monomer comprises at
least one of: tetramethyldisiloxane, hexamethyldisiloxane, and

octamethylcyclotetrasiloxane.

15.  The article of claim 3, wherein the second layer comprises a plasma
polymerized and oxidized organosilicon material having the formula SiOxCyH,, where
0.5<X<2.4, 0.3<Y<1.0, and 0.7<Z<4.0.

16.  The article of claim 3, wherein the second layer is applied by plasma

enhanced chemical vapor deposition.
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10. The article of claim9, wherein the ultraviolet absorbing materi al
conprises a silylated hydroxybenzophenone. 11. The article of claim?9,
wherein the ultraviol et absorbing material conprises at13 8esttmbae2004

pol ybenzoyl resorcinol. 12. The article of claim5, wherein the first |ayer
is applied by at |east one of: flow ng, spraying, dipping, brushing, roll
coating, and curtain coating. 13. The article of claim5, wherein the
second | ayer is formed by plasma enhanced chemnical vapor deposition of an
organosi |l i con nononer. 14. The article of claim13, wherein the

organosil i con ntir?orrerTh@@mpﬂﬁ: sbglaim 16,/vdwsein grecseednd laﬁrnaﬁmohm%htgmomane
hexanet hyl ctanet h clotetrasil oxane. 15. The article of
claim 3, %‘fel ﬁi((?n@ g/g{j%w&ﬁ? gvg?ncgﬁhﬁ%egse@(yge I asma pol yneri zed and

oxi di zed organosilicon material having the formula Si OXCyHZ, where

0. 5<X<2.4, 0. 3<Y<1 0, and 0.7<Z<4.0. 16. The article of claim3, wherein
the second |ayerl8 s dhsiarticle plclaim Lonavhessin thecsticle Fengipnsubyaperllyfsesadi t i on.

22 13 Sept gagﬁ*af‘orcra?c%’éﬂé%ex Ege‘% h't& %g@’%@b §ﬂ§dﬂa‘ﬁmmﬁ{ K5M 886 %g%clé?ﬂ{ja | ayer

i s deposit at a power e presence excCess

oxygen. 18.xeﬁblea1arvtdaﬂieﬁ)métexcl ai m 16, wherein the article remins
substantially free of mcrocracks after being exposed to 6875 kJ/ nR2 of
radi ation in an ASTM &6 cycle in a xenon arc vveat heroneter. 19. The

article of claimgs, fﬂ{eta]h?{}% {r:}PHEihi §'ﬂﬁh§—oog_lfdﬁﬁ‘§fn er@%‘e\“’ﬁ%ew

substrate andtheflrst acrylic clalmlg1 wherein
t he priner shbstete awpe sk &yar.t her nopl astic acryl i c. 21. The article of claim
19, wherein the primer |ayer conprises a thernoset 22.The article of claim
19, wherein the priner |layer includes an ultraviol et

20.  The article of claim 19, wherein the primer layer comprises a thermoplastic

acrylic.

21.  The article of claim 19, wherein the primer layer comprises a thermoset

acrylic.

22.  The article of claim 19, wherein the primer layer includes an ultraviolet

radiation absorbing material.

23.  The article of claim 5, wherein the first layer has a thickness of 1 - 15

microns.

24.  The article of claim 5. wherein the first layer has a thickness of 5 - 10

microns.

25.  The article of claim 5, wherein the second layer has a thickness of 0.5 -5.0

microns.

26.  The article of claim 5, wherein the second layer has a thickness of 2.0 -3.0

microns.
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radi ati on absorbing material. 23. The article of claim5, wherein the first
| ayer has a thickness of 1 - 15 mcrons. 24. The article of claimb5.
wherein the first layer has a thickness of 5 - 10 m crofhSe@Bmbeh200k ticl e
of claimb5, wherein the second | ayer has a thickness of 0.5 -5.0 mcrons.
26. The article of claim5, wherein the second | ayer has a thickness of 2.0
-3.0 mcrons. 23 13 Septenber 2004 27. The article of claim19, wherein
the primer layer has a thickness of 0.2-2.0 mcrons. 28. The article of
claim19, wherein the prinmer |ayer has a thickness of 0.6-1.0 mcrons. 29.
A met hod of for@7ng dheattidlé efdainai9,ivdicesin theprinsdrigyer Appd thickgess dfikB2.01 ayer
to a substra the first layer conprising a partial condensate of

a. di or ganodi or ganooxysi | ane having the formula R2Si (OR )2 or an

or ganot ri or ganooxysil ane having the fornmula RSi(OR )3, or both, where Ris

I ndependent | y | ect.ed fr consi stin | k oup

cont ai ni ng abou?%l -%ﬁc?ﬁftbcg ° ‘5%?%8{99 Ea}f ﬁ}ecprg? @éerﬁ%%/g\l‘%nﬁbg 3'1906[1} 06 13
carbon at ommicranke vinyl radical, the 3,3,3- trifluoropropyl radical, the
ganmma- gl yci doxypr opyl radical and t he ganmma- et hacryl oxypropyl radi cal :
and R is independently selected fromthe group consisting of alkyl groups

cont ai ni ng about291- 8 A aictd dfaiEng 8 hlkkye agickepsmesiiai ni ng about 6- 20

R R T e T AN

met hod of ¢l dibigeSliorghesorivéllanb Gading BRUBIIE RISHORSS bddn | S pl asma
organotniorganooxysilane having the formula RSi(OR")3, or both, where R is independently
selected from the group consisting of alkyl groups containing about 1-3 carbon atoms,
aromatic groups containing about 6-13 carbon atoms, the vinyl radical, the 3,3,3-
trifluoropropyl radical, the gamma-glycidoxypropyl radical and the gamma-
methacryloxypropyl radical, and R' is independently selected from the group consisting of
alkyl groups containing about 1-8 carbon atoms, aromatic groups containing about 6-20
carbon atoms, and hydrogen; and

applying a second layer on the first layer by plasma polymerizing an organosilicon

material in excess oxygen.

'30.  The method of claim 29, wherein the organosilicon material is plasma

polymerized at a power density of 10°-10° I/Kg.

31.  The method of claim 29, wherein the second layer is applied by plasma

enhanced chemical vapor deposition.

32.  The method of claim 29, wherein the second layer comprises a polymerized
and oxidized organosilicon material having the formula Si0,CyH,, where 0.5<X<2.4,
0.3<¥<1.0, and 0.7<Z<4.0.

33.  The method of claim 29, wherein the first layer (20) further comprises

colloidal silica.
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pol ynmeri zed at a power density of 106-108 J/Kg. 31. The nethod of claim 29,
wherein the second |layer is applied by plasma enhanced chem cal vapor
deposition. 32. The nethod of claim 29, wherein the secoﬁﬂseﬁy@betaﬁﬁrises
a polynerized and oxidized organosilicon material having the fornula
SiO,CyHZ, where 0.5<X<2.4, 0.3<Y<1.0, and 0.7<Z<4.0. 33. The nethod of
claim?29, wherein the first layer (20) further conprises «colloidal silica.
24 13 Septenber 2004 34. The nethod of claim?29, wherein the first layer is

applied by at |east one of: flow ng, spraying, dipping, brushing, roll
coating, and curéai n Theandtingd of3gaimTdie whetehrothe dfrstdayer in applicd by ahleast one of:
conprising ghe step of curing the first |ayer.. 36, .The.nethod of claim 29,
wherei n t nACATRESPRYPlgnEPRIE gy P gyl s AFeinsQ8BBE, acks after bei ng
exposed to 6875kJ/ n2 of radiation in an ASTM (26 cycle in a xenon arc

weat herometer. 37. The nethod of claim 29, further conprising the step of
appl yi ng a pringp. | dpemaseadelataimyd, Suther eemprigingthersteprafcyting tedirst lagr. The
met hod of claim 37, wherein the priner |ayer conprises a thernoplastic
acrylic material. 39. The nethod of claim 37, wherein the priner |ayer
conpri ses a therdgpsetTheagstydd 6f diEined9, atherefiOthe Artiodé Fepthigdf substamially feee of

mul tilayer article conprijsing: applyi a first layer to a substrate, the
first | ayerrmewk%ﬁér%&m,géﬁpw t%é%%@ﬁ@at%f ragiation 1828 4N §7 % §&lfdBRy si | ane

havi ng t he f&g%@%@t%)@ or an organotriorganooxysilane. having the
formul a RSi}.{(eCR' 3, or bot ,r where R is independently selected fromthe
group consisting of al kyl groups containing about 1-3 carbon atons,

aromti ¢ gr oups 5Nt 411 AOUS & A3 CALLON BLAMB S iy isale the

layer between the substrate and the first layer.

38.  The method of claim 37, wherein the primer layer comprises a thermoplastic

acrylic material.

39.  The method of claim 37, wherein the primer layer comprises a thermoset

acrylic material.

40. A method of forming a multilayer article comprising:

applying a first layer to a substrate, the first layer comprising a partial condensate of
a diorganodiorganooxysilane having the formula R;Si(OR"); or an
organotriorganooxysilane. having the formula RSi(OR");, or both, where R is independently
selected from the group consisting of alkyl groups containing about 1-3 carbon atoms,
aromatic groups containing about 6-13 carbon atoms, the vinyl radical, the 3,3,3-
trifluoropropyl radical, the gamma-glycidoxypropyl radical and the gamma-
methacryloxypropyl radical, and R’ is independently selected from the group consisting of
alkyl groups containing about 1-8 carbon atoms, aromatic groups containing about 6-20

carbon atoms, and hydrogen; and
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trifluoropropyl radical, the gamma-glyci doxypropyl radical and the ganmma-
nmet hacryl oxypropyl radical, and R is independently selected fromthe group
consisting of alkyl groups containing about 1-8 carbon bt 3fRiemieofid ¢
groups contai ni ng about 6-20 carbon atons, and hydrogen; and 25 13

Sept enber 2004 applying a second |ayer on the first |layer, the second | ayer
conprising a first sublayer forned by plasma pol ynerizing an organosilicon
mat erial w thout oxygen and a second sublayer forned by plasna

pol ymeri zi ng an organosilicon nmaterial wth oxygen. 26 .
applying a second layer on the first layer, the second layer comprising a first

sublayer formed by plasma polymerizing an organosilicon material without oxygen and a

second sublayer formed by plasma polymerizing an organosilicon material with oxygen.
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