Title: LAYERED ARTI CLE W TH | MPROVED M CROCRACK RESI STANCE AND METHOD OF
MAKING.. Abstract: The invention relates to a nultilayer article which

i ncludes a substrate (10), a first layer (20) conpri si ng1&Sp|ahemb'era(D04
condensat e of a di organodi or ganooxysi | ane having the fornul a

Rlerr]Si (CR[err])[err] or an organotriorganooxysilane having the formula
RS (OR ) [err], ‘both, where R is independently selected fromthe group
consi sting of aI kyI groups contai ni ng about 1-3 carbon atons, arorratlc

groups cont ai mmmmm&émmmmm@othmﬁsg@tay e 3

3,3-trifluoropropyl radical q’gﬁ%? *Hﬂgﬂ‘RﬁC’py

ganmma- et hacr yl oxypr opyl radlégp an I's | ndependently selected fromthe
group cons'béﬁ%g@ gh{ﬁ kyl groups con- taining about 1-8 carbon atons, - -
aromatic g § ni ng about 6-20 carbon atons, and hydrogen; and' a
second Iaypr ( 3Pjeidopailhagiiopn the first layer, the second | ayer

conprisi'ng an or anosi licon material which has been polynerized and
oxi di zed in a plFASnRIeseHe invsatam delatsie geraspilitai deyesd |3¢'@d85.oﬁygem0r@ar bon,

and hydr Ogﬁ&lculaﬂy toa layered article having improved resistance o mxcrocrackmg
2. Description of the Related Art.

Plastics and other polymers are comxﬁercial!y available materials -having
physical and chemical properties which are useful in 2 wide variety of applicatibns.
For example,. polycaibonatés are a class of polymers wﬁich, because of their Vexcellem ‘
bre.z'a.kage resistance, have replaced glass in many products, such as automobile head-
lamps, safety _shields",’ echcar, and windows. However, many poiycarbonafcs also
have properties which may be disadvan;agepﬁs in some applications. such as low
abrasion resistance and susceptibility to de_g; adation from expos;ure to ultraviclet (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 teim;st_abi]ity and

_ weatherability of the silicone layer, as measured by adhesion and ductility tests, can

also be improved.



13 Septenmber 2004 LAYERED ARTI CLE W TH | MPROVED M CROCRACK RESI STANCE AND
METHOD OF MAKI NG BACKGROUND |. Field of the Invention The present
invention relates generally to layered articles, and nor¢3 Bapfehet 2004 to a
| ayered article having inproved resistance to mcrocracking. 2.
Description of the Related Art. Plastics and other polyners are
comercially avail able materials having physical and chem cal properties
which are useful in a wide variety of applications. For exanple,

pol ycarbonates are a class of polymers which, because of their excellent

br eakage resi st ahmhermmﬂeod@fmr@aémgg!bm@mrmlm lpvchdh@ap}émmmasf a

aut onobi | e head- saf et y...shi el puear and many
ol yoar bondi el gPisg SRRbHUre SetipEHANES Hellr AR et B i ne
appl i cat i oOPECVIDhUES Payt 5,284,252, Gbr dx@fipkd, a@&ﬁbadwm%ﬂ@%phpﬂlylhgtaﬁ abfsion
degradation from exposure to ultraviol et (W) light. Thus, er car bonat es
are not corffasiRst leyes gomprigpg k plasie pelymasizrd a@anosammrmtpwba FEOReFhe

wi ndows V\h'c%gmg gﬁé&?ﬁ@% a{s%elﬁ Jb?e"ﬂo%ﬁ{stahd%f}&t %n%fl%@%g'vye% %ﬁ%ﬂg Osgl@ﬁ’En o

To |l essen t ens o rasi on resi stance an egra
et hods of twoéwdhisrig bpiding eertdroHaveser] thise ooenﬁgsay@pﬂky @(ﬂﬁd»tfadh@“% t®ne or nore

| ayers of on r SIS ant materlal UV_ absor bi ng material ,0Q the
pol ycar bonel’tog’céﬁ’%?tf: 'ETH@ s afgpdnpdreddipnrsgn 2 Qé¥ oriXseent he

et ater e e KBRS | o

| ayer conprises a disper in a
al cohol - wat er sdt woildrbealesitdbde, plaaréfiond, tcche[\&adta:mtiﬁhgwﬁh napmivbthainrbsmﬂ' he

silicone |aye appl.i ed process, f.or exanpl e by dipping the
poIycarbona’f%’%""f”??e §B§PPP6%QE“5§$ﬁ“5P HILRFASK PG silicone on the

pol ycarbonate. The silicone |ayer provides abrasion resistance to the
pol ycarbonate and nmay al so include a constituent which absorbs W

radi ati on. SKHREMARYcone | ayer described in U S. Patent 4,842,941, however

may devel op A first 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 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



m crocracks when exposed to prol onged weathering. The long termstability
and weatherability of the silicone |ayer, as neasured by adhesi on and
ductility tests, can also be inproved. | 1 3 Septenber 2084nténethgioanet hod
of providing abrasion resistance involves the application of a plasm

pol ymeri zed organosilicon coating by plasma enhanced chem cal vapor
deposition (PECVD). U S. Patent 5,494,712, for exanple, describes a nethod
of applying an abrasion resistant |ayer conprising a plasna polynerized
organosilicon material by PECVD. The coatings are described as being able
t 0 wi t hst arthbe gloop consistimgad e kiybgmtipsiconteaning mbog, 1 -8 varhomstontsyarotnatic groups
boi l i ng wat er, . However hese coatin typically do n adhere.to

pol ycar bon OB TOA fANCEREb Ay Ehes 2ad 8 SFoR IYRIFOBPTRAES | n a
QW or Xen%asnﬁrlﬁﬂ%ﬁéﬁz}&@ro_ Bﬁlﬁcon-l,_h&‘-h%reiﬁ BRI8H @ kel finPsuBSBRkidIRf freQAt | NGS

wi th inproved weatherabili t would be_desirable, therefore, to have a

coating wi trhictagpcky afierdisimgsixpnsedrte 683 kilwd of redfasion iman ARTMOE26 exélsimmce to
m crocr acki nﬁ. SUMVARY Atfi rst aspect of the present invention provides a
mul til ayer 5P e qxp%?rng: a substrate; a first |layer conprising a
partial condens &ﬁﬁlfaspedﬂbﬁﬂﬁ@’ﬂéﬂ@hﬂhﬁ@ﬂi@ﬁ@Y@di&@rﬁnuﬂﬁ@éé%ﬂmibi%%o&%ﬁ%& A
R2Si (OR )2 or an o:fganotri or ganooxysi | ane having the formula RS g )3, or

bot h, wher substiate, pduetdeyra spmprising p partiabicondgpsaterel afioiggnediorsprqdxygilage al kyl

groups contalni . j r i.hi ng about
6- 13 car bor{ﬁ b@lgg%%?)%}#fél 1%;13%@2%8?%%@Hﬁﬁg@wsﬁ#ﬁ%gl%%?%pyhﬁr adi cal ,

t he ganmmma- RSICORYX ypbathywhere Rdk dralepanidnil aeclgeatetdimat the Gtotpaonpisiipydf dliadi cal |
and R is independently sel (Iegie from the g[roup consi sting of alkyl groups
cont ai ni ng S&YFCORARIRGMITH T AR EFQTRALG SBORS COBIHERS PRIV Oel8satbos- 20
carbon ato r : LSEGR - SORRIL S ETeI =

pol yner i ze(rtlﬁ% é?%g%o@ﬂ@%ﬁ?’ tth%g%s’géond P%)?g?%g%icﬁbmgégpom t%%lg?*%?%\}\er

| evel of ¥8d&cdl@8d Hekganima-tivthaprdeapompybfademat @sd Rdsyjigdependentlyselacted sipect of

the present,invention provides a nmultil.ayer artigle conprising:. a
substr at o ¢ FPRB Eo R BE 8L alkiF puit tortes e oK pEREE st axgftatic Broups
di or ganodi QbaRReeX Mt 8120 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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having the forrmula R2Si (OR )2 or an organotri organooxysil ane having the
formula RSI(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 gamma-glyci doxypropyl radical and the

gammanet hacryl oxypropyl radical, and R is independently s cted fr 13
Sept ember 2004 the group consisting of al kyl groups contai ﬁ%'%&l’g?&m‘ﬁ'%!%‘i

carbon atons, aromatic groups containing about 6-20 carbon atons, and
hydr ogen; antboa atens; atbniadly groups wpntamingebaut il 3 saop etoymse theausyy] radical, the

or ganosi | i cop, erein the artjcle remaing substantj.all ree_ of

i o oot acke kPSSR DRRL S a3 Ao i e e 2B AT o6
cycle in a mdﬁ@gﬂo@yﬁow aadigd oEtre s infepentiélyae Rl Rfm IR MiPSRRisting of

I nvention provides a multilayer article conprising a substrate, a first

| ayer conprallsil stpuas perrteinig abovidle sanben afoms, aiogratje SLUiDs cofaobRBEbPIENE0

havi ng the far ' .or [ tri ano i.l.ane . hayi ng the
formia  ReReRadnER hifhes, o PR RIRRl SARRRR N BT LINER  ne
group consipalynigizig @l deghnosBicon pitdahinddxeeR@xgpaut 1-3 carbon at ons,
aromati ¢ groups cqntaining about 6-13 carbon, _atons, the vinyl radjcal, the
3, 3, 3-t ri f | uor opk B asneshpithe prosent iention proyides amygihasdyfi forming agmyltilayer t he
ganmma- et hagct FeloWf! ' [\ Bt e de : m
the group %gt?\ési% g‘%&?{%&gg agﬁg]g%gcagérgh%g&é §f‘r&1l tsgﬁsrﬁa?\% ﬂg:bout g%é-%o@glrng%%%g’tﬁgﬁ,
aronmat i ¢ greongssate ofih diongangdmipganboGysHneclaavingtha fommla RyRI(OBWravgen; and a

second | ayer deposited on the .first |ayer.. second | a .conpri si an
or ganos! || CORTRRIERHRP LS R BEo RS HOR 2 o wateck sug amrmden
pl asma, theRecEMdnl A¥LFopUShBLEIEE Myl igbdtips cOMNRGIY abodf R8RarbodRtbnity dr ogen.

A fourth aspect of the present invention provides a nethod of formng a
mul til ayer arematiccgrevpsmoptaining gbaui 6-1Staagwnaonagp phe/ving radicals te 3.B3er to a

substrate, .f.he first. |ayer conprising . a partial. condensate of a

di o ganoat P USHBBRYL PANEL REHRES R ulre) bl AR 8 Bhius |

organotri Orxﬂam@m:syﬂra%a A VAL NG AR 8s Tn@épBakiant 3Se(<ORd)for® the@bip coteRfife &Y 1 S

i ndependently selected fromthe group consisting of al kyl groups

cont ai ni ng 3§ gtoups gontaining 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:



2a 13 Septenber 2004 carbon atons, aromatic groups containing about 6-13
carbon atons, the vinyl radical, the 3,3,3-trifluoropropyl radical, the
gamma- gl yci doxypropyl radical and the gamma- net hacryl oxypsgrembeszioaal

and R is independently selected fromthe group consisting of alkyl groups
cont ai ni ng about 1-8 carbon atons, aromatic groups containing about 6-20
carbon atons, and hydrogen; and applying a second | ayer on the first |ayer
by plasnma polynerizing an organosilicon material in excess oxygen. A fifth
aspect of the present invention provides a nethod of formng a multilayer
article conpri sifigpare dpph dramgngof 4 lagered astisle acoomting fosne ambpdintent 6 thet | ayer
conprising.a rtial condensate of a di organodi organooxysil ane having the
formul a RZEY ¥z or an organotriorganooxysilane having the fornul a

RSi (OR)3, or baidyre 2hes BraRinSof MORLAARRd %coﬁﬁ{@@taﬁgthfaf SHibI MRt STk

consi sting of alkyl groups containing about 1-3 carbon atons, aromatic
groups contiayentiggy about 6-13 carbon atons, the V|nyI radi cal, the 3,3, 3-

L e 2Er oYL 0 43 R IR B ER RPN B BRb B R

consi st i ng a8fordiakky bxdihisl iy enttdiraénd @ﬂhahmhud;r&n@ar bon atons, aromatic
groups contai ning about 6-2Q0 carbon atons, and hydrogen; and applying a

second | ayer on %eﬁﬂﬂfhal“é\%iafaf’t%n@@éhﬁhﬁf@ 10%6%‘?@%ﬁeﬁgv131tf>rst

subl ayer fq pol ymeri zing an organosilicon material wthout
oxygen and g sg@gﬁgpgﬁgﬁﬁyer formed by plasma pol yneri zing an organosilicon

material with oxygen. The nultilayer article, according to exenplary
enbodi nment i_hr r asi i e pl astic
substrat o SR REsG kb N PR RS B A Dot ren s
described in theflﬁéﬁé’ﬁéhﬁﬁv&ﬁﬂoﬁ%c@@f&ﬁ{gstbra?r@feh@@%mb@&meﬁp rlieatd PRyQkdt he
first layer and th econd | ayer can surprisingly be resistant to

m cr FC{ ag K |m1@mnmn$%g&ég@f@da;mw;eﬁrﬁn atg: uﬁaﬁé@xcpo@?sl\l@nt }@yiraﬁlﬂranf;rdayer .
simul ate we rrn er ures an
advant ages B q?ehé E’\RADEIP %Le 83? W lay ¥l HF REE Gﬁ %ﬂ

interlayer may 1nclude a UV absorbing material. The layers provide improved

weatherability to the substrate. Figure 1 shows a substrate 10 with an
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detail ed description and the acconpanyi ng drawi ngs, in which: 3 13
Septenber 2004 Figure 1 is a drawing of a layered article according to one
enbodi ment of the invention; Figure 2 is a drawi ng of al3 Sgeemtec2d04c| e
according to anot her enbodi nent of the invention; Figure 3 is a draw ng of
an apparatus which can be used to formlayered articles according to
exenpl ary enbodi nents of the invention; and Figure 4 is a drawing of an
exenpl ary el ectrode which can be used with the apparatus of Figure 3.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present invention,
according.to,a ferred,enbodi nent . . rel to,a,layered, . articl.e :
conpri si n{j“%fl.aé'ﬁggﬁraﬂfl@? abresion; gsisapt jaye %fﬁﬂ‘%&%&?‘%ﬁ%@i’%‘?@?n%er. A
primer | apger (gray. be fornmed between the substrate and the interlayer. The
priner layér and/or the interlayer may include a Wabsorbing material. The
| ayers provi de Thapubsinate, acgording tapranploryrembiodimentbhef the dwvendiogutypicallghows a
substrate 10 with an 3 3 _Septe ¢ 4. rl.ay 2 nd,an ;abrasi on
eai st ant cmpiires JRnd, b FRL SRR e SN HE M Hme L BRI O
subst r at epolyearboRkter) shitabix €60 Fetining the GubRthite aff wellknowaed 1188, arf W@ cal | y
conprises a polynmer resin. For exanple, the substrate may conprise a

pol ycar bogmeealiyqnam&samﬁ%&%mssmfgg%fm formng the substrate are

wel | -known: -1n the art and generally conprise repeating units of the

formula --R-0GC-0 %ere .Ris a divalent aroematic radical of a dihydric

phenol (e.g., a radicag -of 2,2-bis(4 hydroxyphenyl)-propane, also known as

bi sphenol A) errﬁiogsd n hhe pol ymer producing reaction; or an organic
pol ycar boxyl i cTdti¢ _@Fg'.' €rphthalic acid, = - o .

where R is a divalent aromatic radical of a dihydric phenol (e.g., a radical of 2,2-bis(4-
hydroxyphenyl)—propanc; also known as bisphenol A) employed in the polymer |
.producing reaction; or an organic polycarboxylic abid (e.g. terphthalic aci'd,.
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



I sopht hal i ¢ aci d, hexahydrophthalic acid, adipic acid, sebacic. acid,
dodecanedioic acid, and the like). These, polycarbonate resins are
aromatic carbonate . polyners which may be prepared by T:3eptembenziddor
nore di hydric phenols with a carbonate precursor such as phosgene, a

hal of ormate or a carbonate ester, as is well known in the art. One exanple
of a polycarbonate which can be used is LEXAN(r), available from General

El ectric Conpany. The substrate may al so conprise a pol yestercarbonate

whi ch can Jge P as@iate)y adrfRe tdciay ﬁe&ﬁér‘?ﬁ@aic‘i‘d,!ohﬁ‘&lz?‘ls?fﬁetha% hidy Bule
phenol, and a dicarboxylic -acid or estef formng derivative theredf, as
i s wel | krosthadrylateh ecyghahexylh gnethaseylate,t @and they like.s Substitprads aceylatbe ramdpl asti ¢

or thernoset Lal .. Exappl,e f itabl e ther | asti.c nateri al
i ncl ude pdﬁ/{g _ l?"rgi%’e, 'St.lc_’_hpo pr‘8’§§ﬂ3‘ %‘@ﬂ W@&*y?‘é‘%‘?"@b@vi ?ﬁﬂ'lélf’et af‘e_,
pol yvi nyl attgiealylacidaty vindyl-barglaadylatd@hy ABb baased. at e ester, polyacrylic

aci ds, polyether; polyester, polycarbonate, cellulous resin,
pol yacryl oni t r iflodyestsst gamalse be gsrd orfras thy)enbsiratey | Ralyestarsiare welkdnpwe

cont ai ni ng, LESEAS, A . - SUj oo | P
mat eri al Sglll rtlﬁc%iS ﬁ‘g'ea%%g)%y Hgnéég%gg%ﬁe*gﬁﬁg&sﬁg%uﬁ% i Jétt %‘ﬁe&g 5’ é%ﬁ(g{yl'\ﬁ/el I
known i n tabids fe.g., phthaliaacitihbexahydrephitidlic aciina dlpﬁmhciﬂhﬁa&i&sdid,&t@hﬂﬁmébenb
formed. Acryli.c pgolyners . .can be prepared frgm nonQnmers such 4 13 Sept enber
2004 as matHly isopBAlS, acid, srhaeic. Beid] dodsraperieicy peid. apd dthenbike) jor their

met hacryl i |’bﬁ)ﬁy t RASH ' like.
Substi t ut %ﬁyggﬂ $§I ﬁléhsggénaggcbngl ﬁg?}onﬁgﬁgés’; sudé%r%s hyd%?/]gﬁoﬁ pg{:&r at e,
hydr oxyhulsg., etbylgneglycok butyidny ghysel; neapeptyd glycok and nydioliedanedipiettanolyny al so
be used. Pol yegters can al sq used to formtk ubstrate., Polyesters are
oo o ¢ Ppfafecfidies 3 Rndiit A58 S omhBhill Phick 438 Hechebit ol BF o
organi ¢ pehbstraeh Pohirethafessiaswéle-kdown fihthealt] &ndére PrepaRRIEBVIHE TERIBORAIF C
acid, adipic acid, nalei¢c acid, terphthalic _acid, isophthalic acid, =
sebaci c adi Polyiechapaiscandia pabiok, afsamples| ok eyl polwisecyaaniy dinrlade wi t h

or gani ¢. PRLYethyIGN @isBthaly, [dFRnY dBocyRRARIADY, BYFHPEN dilcRPRiite, and
| biurets and uiisoéyanﬁratcs 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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(e.g., ethylene glycol, butylene glycol, neopentyl glycol, and

cycl ohexanedi.net hanol ). Pol yuret hanes are another. class of materials which
can., be used to formthe substrate. Pol yurethanes are 1ebéptnbadoa t he
art, and are prepared by the reaction of a polyisocyanate and a pol yol .
Exanpl es of useful polyisocyanates include hexanethylene diisocyanate,

tol uene diisocyanate, MD, isophorone diisocyanate, and biurets and
triisocyanurates of these diisocyanates. Exanples of useful polyols include
| ow nol ecul ar meight aliphatic. polyols, polyester polyols, polyether

pol yol s nd I k Ex ofg A aI from
whi ch theicgg%lgbtd gﬁlbe@forﬁrfag d| ncmede -%g@é@ oni tﬁ@%‘m agf I ene- styrene
gl ass, Vakgpir) orgqmbyjmm;td: ety e afoernuby RIIGORY;, br dotheneheat Bl dctric

Co. XENOY(r XAN(r) and .VAL avail abl e from ner al
£ ezztrl o s Pyl SeiFied Frogn T G20 AEEISHRE OL AINYDEORES SRASIPEARIIeht | ona
manner, fcg{ oﬁ&?dml @rdatic g}b@ﬁstédamﬁmg%a& 6-‘35tcrai=b%h%m§%9 viri adigal, vacuum

formng, ow nol di ng, conpression nol ding, transfer- noldin t her hal
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finished article of co t .t er.i al orfllm
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substrate may be rigid or flexible. An interlayer is formed on The

subst r at eostaininenabeyt 6-30 sabor atases, pad hydogehe | nvention as shown in Figure

1. The interl p. S . silica
in an ali phatl F@g tth}é a‘%%ﬁ%‘%%ﬁ%ﬁgﬁﬁ %ga qu% tc%rg{}xogxé%r %ﬁé‘g&éﬂ% a 5 13
Sept embebre?pr@éursorerigansittinol @ﬁmlqumdlamswmmngr ka(mmm@eee&wqa) 2 or an
organotri or noox si | ane havi nﬁ t he fprr‘% R?'(uil bot h V\/nere R | S

i ndependé’ﬁfq cetaddrom the groRR coRsiyng i Bfléﬂ’ﬁ)ﬂad@ﬁ“o%

cont ai ni 4 BhQ l%déal3:.h cpd BOANES PFETEA, | the SRMRRSIFQRLAHb rﬁ@i‘& 6-13
carbon atons el Vi n§'l rag?cal ﬁﬁ?ﬁ 3, 3,'3- tlgl Iuorgpr )Sbﬂ ?ﬂ |ca|filt t he
gamma- gl mumgymwmbﬂnadlwpm@mmﬂiml garrma .
The major poruon of the partial condensate is typically obtained from the
condensauon of CH;S:(OH);, a minor pomon, if desired, being obtained from

cocondensation wuh C,H;Si(OH)s, C3H;Si(OH)s, CH.CHSi(OH)s,

CH,

rI:HCOO(CfahSi(omg, , ?2 CH,O(CH,);Si(OH); , -
 CH |

or mixtures thereof. Typxca]ly, at least 70 WClght percent of the silanol comprises -
‘CH;Si(OH)3.

' The partial condensate 1s typlca.lly in a solution which includes a colloidal -
_s:hca dispersion and a lower ahphatxc 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. Mxxturcs of such alcohols can be used. The solvent system typ:cally contains

frorn about 20 to 75 weight-percent alcohol.



met hacryl oxypropyl radical, and R. is independently selected fromthe
group .consisting of al kyl groups containing about 1-8 carbon atons,
"aromatic. groups containing about 6-20 carbon atons, at&iSéptdmbegenos
Typi cal Iy, the di organodi organooxysil ane and t he organotri organooxysil ane
are precursors to a silanol of the formula RSi (OH) 3 or R2Si (OH) 27
respectively, in which Ris selected fromthe group conS|st|ng of al kyl

radicals of ~I to 3 carbon atom; the vinyl radical, the ,
3,3,3-trifluorqpropyl radical, anma egC|doxypro radi cal, and the
gamma- net hacr ylﬁ?ﬁﬂrﬁ‘ﬁi% inythy |CEH‘P1 meﬁlg‘bg@n@ﬂlmg avene disametdrdn the

d t d t
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ures_t hereo i ca at | eas Wei
percent of E["éfé‘ éﬁ“&ﬁBﬁ) aﬁﬁnﬁﬁcg% (N -’uét-@§ @3’%9 Cophel i %ﬂ)‘alcoli@dd@rﬂMtg i s
typi cal Iy ofmomacs Shibher Wakich 4884 In SRUO{SIBh: é'd'tggfs&tsSR igs Q" and a

| ower alip atlc a ter coso vent 3 | ower
al i phat i cdahtad)hcﬂtablht)gmdlteqam\ud!maﬁngﬂldymg muahle oﬁucalqhbﬁerhemer aI i phatic

| cohol | t hanol | d t-butyl alcohal, f
xanple. M xt urBe THPCon bEF i gataits b (LRGS0 pREeah Py R Bayal O,
typi cal | y tgodllids Réndistip Rbidtaliz 1110 13 aovtﬁa,lréﬂat bRAVGERT o AR -silfakind

Sept enber 2004 -The particles in the colloidal Silica dispersion general ly
have a di &ipEtdHoi¥)-parecnt byawighsof departial sondeasgseeters. Silica di sperS| ons

can be prepar efh,@ Xm@ﬁ&ﬁe? SmpBhitions can be prepared by adding malkoxysﬂancs, such
as RSI(OCH3)3, to collmdal silica hydrosols and adjusting the pH to the desired level
by addition of an acid. Suitable tnalkoxysnlanes are those containing methoxy, ethoxy, |
is_dpropqu and t-butoxy Subétitucn'ts. - which upon hydrolysis liberate tl;e _
corresponding alcohol, thus generaling at least a portion of 'thei aleohol present in the
coating composition. Uport generation of the silanol in the acidic acjueous medium, .
there is condensation of the hydroxyl substituents to form -Si-O-Si bonding. The
condensation is not complete, biit rather the siloxané retains an appreciable qutintjty of
silicon-bonded hydroxyl groisps, thus rendering the polymer soluble in the t:vater-

 alcohol solvent. This soluble partial condensate can be characterized as a siloxanol

polymer typicztily 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 compositieli hatriﬁg 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, chloroacetic, 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 componcntS, 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

7



known in the art and are comrercially avail abl e under such regi stered
trademar ks as "Ludox" (Dupont) and."Nal coag” (NALCO Chem cal Co.).
Typically, colloidal silica of 10-30 nanoneter particl el&begemnbet2¥E i n
order to obtain dispersions having a desirable stability and to provide
coatings having desirable optical properties. The dispersion typically
contains from 10,to 50 percent by weight. of solids, the solids consisting
essentially of 10 to 70 percent by weight of colloidal silica and -
from30 to 90 percent by weight of .the partial condensate. The interlayer

e C oo ) e B R ubaly R &oﬁ%‘% %éér§%°g%ﬁﬁé$qr$§osf%c Bﬂcé‘éoit e
desired | te®@ Yoy BlidolyeRR Bf 18O aeas,g,x s&&g@éekﬁ JF " the! KRKYSiFy i | those
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upon hydrlnjr@mlysxsloflmc anode oﬁél(%ﬁﬁs@ﬂm&ﬁgﬁi atajeshoflethanbli ﬂ)@endmtum at

I t t f ho th {1 t U

gener at i OeOPEIERTE S BT B SRR oo ERR g SO RP R c oo ep0r a
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|

condensation is not conplete. but- rather the S|onane reta
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| | | t
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| east onevisddsity Anidehithds fiztsle Ganseverabdgysper every three - SO un| ts.
During curing of the coating on a substrat ‘these residual hydr oxyl s

condense to gi VBe terayercampasiions cambe apR mdm) bid snbsteneasi byaennveptional: t i es

th | J.at
conposi t 1aeto@ el A, toflYing ALAHE ol dling curgle ol TenB A
t ypi cal | y:optmgemfonﬂa cantinoeiy smfncbzﬂhmg‘ypzqaﬂbr the interdayenhgea ahickndds of8. 0 can
I b d .h i d. | ude bot h d :
i ds. sudkTSmistit cRieo Pl & 120 Migindy GHUE, DRICARY (£10, migRzs] dheo ¢
di met hy| %Wsﬁmnf@ﬂlrﬁucdry% Httﬁ:'k'-ﬁ'fe i&lﬂ&ﬁl it h«gﬁhg gae’}giag@gﬁsmso

tol uene-sultonic, oxalic”and the acl to el t(F;er t he
si | ane ormajhhe hgmtsmpto qhtaxnlcond:cnﬁmnmgf tehidualt silanale i tiegrairdal qondensded t hat
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“Additional mformaugn regarding interlayer composl_tans 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



7 1 3 Septenber 2004 silica, but is usually I ess than one wei ght percent of
the conposition. Alcohol Is generated by hydrol ysis of the al koxy
substituents of the silane. For exanple, hydrolysis of th8epteinben?004

=Si (OC2H3) 3 generates 3 nol es of ethanol: Dependi ng upon the percent
solids desired in the final conposition, additional alcohol, water or a
wat er-m sci bl e sol vent can be added. The interlayer conposition is-
typically well mxed and. allowed to age for a short period of tinme to

ensure for, h ORieBbr 6 : 1.0t Sk Conposition thus
obt ai ned i(s ).'lgllgglal; tpgr egIaﬁgﬁﬁsyﬁﬁg%%%\%v%ﬁzgggﬁteéglkfﬁgﬁk\?ﬁﬁ%?c’lwserstabI e
for sever alensitigssmay produveefiliesy which camp dess tabeasoncesistaat. dPypicaly, bﬁy%m isd
substrates by conventional. -net ho‘gfs such as fl,%w n&, %grgaé%ng,_ rushi ng,
Fol | coat PREENG £ FMABL iR fRcessoof tap Staihomerrically Hose SRidizgoald

o e Lyl e B 0. £ 10 microns. The compos! £ on
will air dry tdower densityristhecyiug of %PMEMbwherhiaaM is @i inputtwezagpliaf f050- 150C

may be ne ar .obtai n_condensat.i.o resi dual silanols in the

parti al c%ﬁ%ﬁ@%{l&égﬂg&?‘%l sfe%slg%éﬁ ‘%ﬁeﬁcrg ! @gﬁot"vsm?%gﬂﬁ% rqagtanh g3s5m cxpressed

si | sesqui @xaivdesibe,tand Mas thel raolR&i1B0eight ofdBe tdabiaad inl JIRFR A rhikegs di ng

i nterlayer conpositions which can be used with exe ary enbodi nents of

t he i nvenof gesel hegpasesraisasity ean becalquated from WI2FiMi78herding 9 intlidtesahel

4,914, 143,..a} | C. re incorporated herein. .hy reference. An abrasion

Yoot ot ameiB tastlas Wil Blilo I BERRE BT SratibRle it WS BOwa Ensii et

Fi gure 1. addevidbexasisoskygen iasdifgle poByetizéd pidiedtRaaayeridif beClofhed op Gk St ance

of the layered article and typically conprises a plasma.polynerized :

or ganosi | FeRsHalsrERsea the layen being spsenialboipn-erpeking elearceplorlnss, handiandy gen;

general ly | OxCyHz. Typically, 0.5 < X <2,4,03< Y < 1.0,

and 0.7 <s§&;§%. 0. r#ﬁ'é‘@rgf)r'asi on resistant layer typically has a thickness

of 0.5 - 5.0 nilbe golymerois dutther derdcyerized as béiy aihdglinrosstinked potpinepl |y 2.0

- 3.0 mcrons.. Thel abrasiogn rgﬁi stant layer is typically applied by plasm

enhanced FY&PIRg 2t legstane Ao OloMNE:  PECYD) in whi ch capacitive coupling or

i nductive coupling is used ' : :

I | - b

-S]i_-O-SIi--, -Sli-CHg,-.E‘ii-H,and-?i-OH

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.

9



to introduce energy into the system using known types of plasm

pol yneri zati on equi pnment. According to exenplary enbodi nents of the

i nvention, PECVD is used to initiate the pol ynerizati ontafeptembda?2dtan
reactions of an organosilicon conpound and excess oxygen enpl oying a power
density ranging from 106 to 108 joul es/kilogram 8 13 Septenber 2004
(J/Kg). Higher power densities may produce filnms which easily crack while

| ower densities nmay produce filns which are | ess abrasion resistant.
Typically, oxygen is present in an amount in excess of that
stoichonetripg&gy necessar idize all silicon and carbon in the

or ganosi | 1 ¥pald% ARk Eeiro é\ﬁ/@b%&gﬁg t4Fe cenpecied 19 the varable HraqNeReYepower/ i s an

i nput po ' : SITH ; ' ﬁﬁigg {4 .15 the
"flowr argéu({?@%%%%g{l%‘r#sga@sg%@%g’g%ﬁ%gm) es/ !s%cééanglcfﬁcﬁéy't he
mol ecul ar Theiefgetrodés 12( andd@t acin be skowermhead fype dectrodesirehichfinglages t he
power density cap. Qe all culated frqm WEF1IM wherein "i |ndicates the
"ith" gasB¥H rceﬂﬁﬁﬁeﬁ? es Hropghy Whigh the gasesys Seaciants iapg digperied) intgethsower

density randsrorbd Wisidd 10X &88S ag)gy,gﬂ? ihesSi 9l € pol ynerizéd protective |ayer
‘can be fornmed on the sqbstra%e surface, the layer. being substantially
non cracki ng, AsechowndolKigiresh, thhaietteodds nsayr imolylde @ céréaseaf tragnets d44The.

Do o i i BB S RBBREE i o BRrCik B bl iRl HCBRRAT™
- Si - CH: ! ,qyﬁhtlﬁimsd réaplate 140 ST b ifRone pldé Q4P whidtthal'RRRES hoREQ4e Fi gure
a

3 illustrates an exanpl e of an apparatus 100 which can be used to forma
pl asna- pofoy niafrpdustion phrgasgons seasianty datopthey vessels 102+ The Thagneppdddt ars 100

i ncl udes . ' el mmy.. ] variab freguency power
sour ce. - Theicy ShaEHES Suctt ihs SE UGS BT LESadh KB L5, HEGHIEET 3
gaseous rmagictiotiieldindth theoppeieatagdieto pole of grvasid magiet MANMIE iva?,OI!hECe 104,
an oxygen source 106, and _an_  inert gas SogfﬁF 108 through mass_ flow -

cont r ol | ePasneERmay hearranged speluthiatt FEPgrent pf the magnetic field is parallel to the .

electrode surface. Consequently, the ExB force will result in confinement of
.sécondary 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
. reactamnts. Nexf, 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 stabilizes, an
organosilicon such as TMDSO is introduced into the chamber. Typically, the flow

10



desired, the different gases and vapors fromthe indicated sources can be
mxed in a mxer 110 prior to introducing theminto the reactor vessel.
The reactor vessel 102 is connected to a vacuum syst em 1B8eftemben2fidat i ng
the vessel. Disposed in the reactor vessel 102 are a pair of opposed

el ectrodes 120 and 121. The substrate 122 to be treated is placed between
the el ectrodes 120 and 121. 9 13 Septenber 2004 Typically, the el ectrodes
120 and 121 -are connected to the variable frequency power source 124,

whil e the | TN O n ng _t t Lokl .

el ectri callﬁe.ss‘ﬂT—{le el e?t) rgg%gsg%%)ugng 112% %gﬁétagg fﬁ%@gelrlklﬁggid&f ;llsp(tahen

el ect r odedemningtedi ncl udé a nunber of inlet holes through which the gaseous

reactants are dispersed.i.ntqQ, the interior-of the vessel 102 from gas
Guppl y | nes’ 109 R RERSRE né AcomiicPubiasd Spyekt i SR8 TasgrRices iGgethe o
series of Jnagidet $02 depredbreffingd A6WGALed TRRPNRInaGs el ddnbrddNGideARRvddne
density of the plasnma. The el ectrodes typically include a rear plate 140

and a frore prbilige.1Aftepithe rplasya siabilines. 88| exganasiliront such as r EMRID ois of
gaseous r LS i nta th s 144 are typicall

confi gur eﬁﬂtg%‘g%te?ﬁg @ggﬁﬁnﬁ%ﬁﬁ%é&%ﬁ%@%ﬁg@%ﬁb %aa%’{ﬂéfp%iﬁdpﬁy SREEL a
magneti-c fieved dofnitoh -t 16° /ISt the npresetice CoP @ikeesof oxyren SANE cORPRSEs anh thi s
way, the ma nei,iis ng%/ be ar rcg.g?e such t hat da conmponent of the magnetic
fieldis ﬁé&agﬁoﬁ For giatasial whichdias baen polymspzed sl exidized, suah thanit coniinsor ce

w I resulgsid h NSRAL ; LS CP ~ 'Ml%‘b e
sur f ace ofSﬁ!tCIﬁg' %ﬁ@%{lvr ode, an/m c’hdr?%gigg@gil& ﬁ]e:ﬁ ‘ggﬁg)lﬁﬁ-an uEﬁ; ?%Bt y of
t he pl asmis abms tésuThé nijcloiess wh the secopdt subthyem igytypidadly | di 30 aine’ theom t he

| ectrode., .| tion, ' i stant | n be, formed b _
et cuaHibPraDSE ' 8B s BOESlMRL 554 P S sttt o 1o
i nt roduci p@st-hes gaceasisend titektaid ibldyexiay fiftvd @idkneRofDS D3 BSmRESHRN 1S -

i ntroduced into the vessel 102 at a predeternmined flow .-ate. The plasm.
i's then gener at'digreatirely theeansitiondramithe fiest sublayar to theesespad seblayealsahi zes,

ener afdisTRaRTCH) | | e
Y Poducede AP e fbna el bt GHRE B fing b OISk HY LT

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 tndividually 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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deposited directly on ti.- interlayer at a power |evel of 106 - 108 J/Kg.
In the . presence of excess oxygen -and conprises an organosilicon nateri al
whi ch has been polynerized and oxidi zed such that it cohtaepismber 2¢Hn,
oxygen,. carbon, and hydrogen. Alternatively, the abrasion resistant. |ayer
can be subdivided into two sequentially applied sub-layers. Wen
depositing the first sublayer, an inert gas such as argon is first

i ntroduced into the vessel 102 at a predeternined flowrate. The plasm is
t hen generated and allowed to stabilize. After the plasma stabilizes, an
organosilicon such as TMDSO is introduced into the chanber. Typically, the
flow 10 13 Sepflermsbanceabeaghesion of thermpsdyen2tiapba sibsteatelf, Lprimeragerar-gon

and organggi | i f.| s then ternm.nated.. Wen depositing the second
2Ubl ayer. Tyratatnan BE 2 L6 be BRI RUBE b B BER ttsoRdatior of e

pr edet er nintéithykt Q0. 1 The. prifier Ry TS indy t WRAprieNE thémbsed ér ahbRNGlasylc0
stabilize. _Af_tyer t he pl a%ma _-stygbi | z_egz an organosi | isconrsuch asas‘?tlt\:/DSO S
i nt r oducewaterighdor expmplaafyieallyriee pameniryes has ayhickndss of pbputaP2y- 26posi t ed

at a power. | of 0 408, I/ Kg | f.excess oxygen -and
conpri sesﬁ%ﬁbﬁ%ﬁggﬁotgg’ %gjé r? %ra?l é#iﬁér&vﬁi (E:@?ﬁgg& g@@?ﬁfﬁl’mwsaﬁe

oxi di zed mirabr labatmayt als®iichidea U¥iabsarbing matgdsiDas wHl boBescabed bydwogen.
Typically, the flow ratio-of TMDSO to oxygen is about 1:1. The thickness
of the second 46erdipg tooge embpdimany, the pnmsr {ayse Material is a thermRIBPEMST { he
first subl ind 2 th&%RNALH ib u ' Ve gk hi 5 of
0.05 - .1.5 m c’srl%ér?s,[ and theleséc' %%bé%ezyzbéﬁgi ave g? ??1 %{i:}ggﬁﬂ%ﬁéo, 5. -
3.0 micr qrast of\l anc ematsiare whicht fadsot comtains i watef,r arhytdoexyf ietter crubh aslksndlo t he

d subl ayer can_ hi eved by.ranpi ng down t 1 1 ow whil
"ol g RTEAENE B eh 1 Moo it e basicons, bimipifRelt SRR e | 2
and for m@niﬁo%ﬁ&@d&@&iwmsdw@ﬂméldﬁm&@xﬂumoéwﬁgéﬁﬁ&l %t&aﬁ_ﬁatll nitdi §I§I§°f m ng

materials are typically in gaseous form (GaseolUs rea , Suc
or ganosi |peeesnt byrivsights fram aboutpbre aboutf 1® percicnt thegmpskttabler anrplic solidsy entry

| nLo- (he GRchal FAARRR 10 PaCe R e U SABRP LB YR SE L bRE 27

from about 20 to about 40 percent of a hydroxy ether or an alkanol, and from about 40
‘to about 78 percent of water. | : |

- Thermosettable acrylic polymers 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 represénted 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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at least one silicon atomis bended to at | east one carbon atom and.

I ncl ude, for - exanple, silanes, siloxanes and silazanes. These
organosili con conpounds may be wused individually or in thhtptembeo2idof two
or nore. Exanples of silanes' include dinethoxydirriethylsilane, . tr

thyl tri met hoxysil ane, tetramethoxysilane, ethyltrinethoxysilane,

di et hoxydi net hyl si |l ane, nethyltriethoxysil ane, - octanet hyl cycl otetrasil ane,
triethoxyvinylsilane, tetraethoxysilane, dinmethoxy- methylphenylsilane;

phenyl tri met hoXy $hiria ’[h(%)rﬁhé(lthj&)&\fwraﬂ%ttﬁ %i%hhﬁéi?&fe'nk %'}‘Ebstﬁnual pogion 5

met hacryl oxypropyl tri xysi | ane, . oxymet henyl sTTane
met hoxyet hdxhe wiatey lapd Ihadtexy plimny)k tatkaevhconysineats of tmmmer composition are
di met hoxydi

h I f I
t et r anet h)ﬂ" en 2 t@“ IIWD@@) mg ﬁ@kg@%f?’&%ﬁ?‘bbgﬁ@u‘?%mmﬁﬁﬁmm
oct anmet hy|ﬁ6}5%é}tﬁhrtﬁ§ kARG lig¥)absSPORFRY @i8rmaly éhé@%@g&%sdéprg dx%gl e
1 13 Septe 864 To

hexanmet hyl'di'si | azane and tetranet hyl di sil azane.
enhance t lerylig tpsisieslayst comaining ar hligazioletdighd absosbesubdditianad descriptioprafrrer

e R B 300 1A 8 R P

t her noset hefeirt b refepines.t lmenﬂade&ingahcryhé polyater ERlBsior YBidatiates Ard1@lsBr | Mer
| ayer has a thickness of about m crons, nore typically 0.4 - 1.2

mi crons, FOMECESIHY: aVaiably, dor IF"‘E‘“BI@CF"GHS Rohgy, & Hsas ia rPhiladelphig P A las o

i nclude a~pyalsprbing . material, as will be described bel ow. According to
one enbodi nert, the primer |ayer material is a thernoset prinmner conpri sing
a thernoset t ablAecerling ito puﬂlherercm%danbﬁterﬂmsphmbl layarc mydy ccopspriseea IS

t _of | Whj t t hyd th _
kanol  CBRRGPHY SRR X al sy PEORoR e lis b FBLSE b domh Ry ol el
l'i ght absexhmpie, mcﬁmldﬁédlﬁdﬂ%'lylﬂﬁij%h%d '-f@éhnﬁfdgye VoM mieplt u:nce

COITpOSI tion genera Yy contains, 1n per cent y wel g from about
about 10 Bublisbars. {oher Woler 8ons Ings (1964). 20 pi 346 et feqoandhthsirefererce cababut 10

percent' o I SR I { bi ng- conpound, from about .
20 to abo{ht ?eilb’ per ce@?ﬁa‘# hte;‘%yd'?éo rgteﬁlgq} épeéﬁé ‘al kanol, and from about 40
to about 78 peThenérnof muﬁﬁ@lasnc acrylic polymers” refers to thennoplasnc polymers
resulnng from the polymenzauon of one or more acryhc acid ester monomers as well
as methacrylic acid ester monomers. These mo:.omers are rcpresented_by the gcneral

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 trcated but

- which is capable of dissolving the thermoplastic acrylic polymers. Get_lerally, 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,
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Thernosettabl e acrylic polynmers which can be used in the enul sion are well
known in the .art. Exenplary thernosettable acrylics are set forth, for
exanple, in The Encyclopedia of Polynmer Science and TecthSépgpbenasios 1,

I ntersci ence Publishers, John Wley & Sons, Inc., 1964, at p. 273 e. seq.,
and in Chemstry of Organic Film Fornmers, by D. H Sol onon, John Wley &
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-OR2-OH wherein R is an alkyl or an

2 a1 ey e alos AR (BONCMRLE kb Brobdiol ikl AL o8 008 BRI

that the giixeueds théreofcar bon atons present in RL and R2-is from3 to about
10. The al kanol S ont ni ghfroml 0.4 carbon ataons include nethanol,
et hanol, prop 51“ bf‘cfg ®Ithermop asBElﬂ’&m?F cQF@ositan (is ppplied ontosthe

Sept enber ¢ | o o f 3991 € sl AcTBY t
substan‘tlaLﬁ)Qg%[r":f|@§nﬁm§e e M/gl'%}gr agﬁ@?g&ﬁﬁé&{xﬂiﬁlﬁgrﬁgfq@ %eslgpigr@f%ﬁents
of the prroliecoatingjpod ttieilike. After dmfapmchpdﬁcambdnawmmeoatemmth thg psialerd | ayer
conprised of the thernoset

| ol th | t l.et |ight
absor ber ©9MEPYFRIGLPG PR ¥ (g?fﬂf’égo 53%; 7 Hé’lyﬁ‘i)gg dgy‘&&?‘bgl‘:egtggl icle Ialygr

cont ai ni NgneAthé! vbladle iednt qummeba %k Sdtitdifith
t hernoset” priner materials is dlsclos‘b?m US tenf 42, 381 \%ﬁ%chls

i ncor por athexdnopestisi amal;c rpel}@fé'n@le ther nmlmd@mcpglr&cc yibi whp?l three prigenl si on
trat & Ha
concent” o oL Ao LAUL AN bl PR PR TR oo

primer . WwhirBls ﬁﬁwpbfmﬁh&an&ayrbfwémpl astic material. Exerrpl ary
therrmpl astic acrylic polynmers are set forth, for exa i n Enc;l/:cl opedi a
of Polyner Sci©OHEE Biffacrse®hicl 68y baygised qincinde hase anany stbﬂér John

Wl ey-& . ed

V112 & S Comple? S Bl SR maghy QS { SUROF et
blend of two thermosettable acrylic emulsions known as Hycar 237 and Hycar 256 can
be used '

Various UV absorbing matena.ls may be mcorporatcd 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
/] -

. ) CN
Y i§ H or OH;

Zis H, OH. 0Q or OW;
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The term "t hernopl astic acrylic polymers” refers to thernoplastic polyners
resulting fromthe pol ynerization of one or nore acrylic acid ester
mononers as well as nethacrylic acid ester nononers. THeEs®eptenbersl0f4ar e
represented by the general fornula CH2=CYCQORL wherein Y is H or a nethyl
radical and R) is an al kyl radical, preferably one. <containing froml to
about 20 carbon atons. The thernoplastic acrylic polymers are in general
applied as priners froma primer conposition containing-the. thernoplastic

acrylic pol Eéﬂd ’lﬁ@ﬂwﬁ@‘% é’l‘nz]["}{'ent either organic or inorganic in

nat ur e, V\hl |s ge lrally inert, i.e.., will not too .
adversely gg;e substrate, e.g. polycarbonate; to be treated, but:
which is ca aﬁl ml:ssol vi ng the thernoplastic acrylic polyners.

Gener al | y, the concentration of the ther mopl astic acryl ic polynmer in the
primng comiesetis®aloadg¥ds 152 erd.dba¥ =0, Ritivamblyt orx8karmyt bavingyl toes ght |

oLt Chre, SaEATARE sl SPBHinglPry CELESTHBY, HRLS EARIEA S0 or 5004

but oxyet ha)ahd net hax 8t hanol , met hoxypropanol , di-acetone.al cohol, and the

like or mxtures thereqf. uni.formfil m of the t hernopl astic priner
conposition is %ﬁﬁt}fgﬁ'ﬁ‘? &Yoﬁt{sﬂ@mg gyissial £‘P’eth°ep'@mebé%§¢§a$ Fosthythexyli2f ace by
any known. r c i ke.
Af ter the or ngg’%%‘g%ﬁ gggﬁgﬂeﬁ%a?et%ef@éﬂcg molvﬁ @g&hﬂgfﬁeqrgmcgmﬁsi tion,
t he i nert hydroigen,id s hydiogemtande ishe r enoved by drying the coated article
until the vol atile solvent evaporates, |eaving a priner |ayer of coating
containing the thernoplastic acrylic polynmer on the pol ycarbonate surface
to which the primer conposition was appl i ed. Additional details are
disclosed in U S Patent 4,924,378,y - which is incorperated. herein by
reference. Ot her priners V\/n h_cc.a. .béwused i ncl ude those manufactured by
B.F. Goodrich Conpany. For/exarlnpl e an acryl ic material corrprl sing a 50150
by wei ght -

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 ahove 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



bl end of two thernosettable acrylic emul sions known as Hycar 237 and Hycar
256 can. be used. Various WV absorbing materials may be incorporated into
the prinmer layer 15 and/or the interlayer 20 descri bed Hoosriemiperc200¢
materials protect the substrate, e.g. polycarbonate, from degradation
exhibited as yellowi ng by absorbing the UV radiation- According to one
enbodi nent, the UV absorbing material conprises a silylated

hydr oxybenzophenone having the followi ng fornula: wherein Xis =0 or
YisHorOH, Zis H OH OQor ON 0 11 -_..C--Ow .CN 14 13 Septenber 2004 Q
is a-CH(CH),,SI(R)"(CRL),,, and Wis-ChHm, ,; where Uis 0, 1 or 2, V
is 1, 2 ofesgribed abave= Additipnal sdetailsn| ofy theo silylakesh hydraxabenrpphenone UNar bon

atons, R2,is.an al kvl havi,ng, 1..to C on preferably nethyl, nis
0. ° or absSchi fheloHat AR Retofeq 58 st AR, 480 PRIt &7 mkprhoeatéd he

priner | ag€iniby refehdyl hexyl - 2-- cyano- 3, 3- di phenyl cyanoacryl ate, descri bed
by the above formula in-which Y is hydrogen, Z is hydrogen, and X is: % _
~2~C-OW ON anfcopyding c19Hanotham esnbagimeiin @1 HieaJavansone the oR\Vaabsabepor at i on

as Wi nu'c’o%pr_ises at least one polybenzoylresorcinol having the formulae

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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.539TM The . ultraviolet |ight absorbing agents may be prepared, for
exanpl e, by a convenient nethod starting with a conpound havi ng the
fornula:, in which X, Y and Z are as. defined above. |n thieprtambeiotfO4one
nol e of the above conpound is reacted in a solvent with -one nole of a
base, e.g., sodiumnethylate, to forma salt, e.g., a nonosodiumsalt,
which in turn is reacted wth a hal ogenated aI koxysi | ane or

al kanoyl oxysi | ane having the formula CICH2(CHz)Si (R2), (ORI )y. This
enbodi nent, A t | nt o he

i nterl ayer czg% éﬁa}%d\ﬂ% ?@Zgﬁépﬁ%ﬂgt% %{l’arair%g)s{?g? ﬁ%or %ﬁﬁrét%l tggt' Plastic

| ayers 15 p&ﬁnérSorltlﬁ Mlagabé&sc%ed abesernb&ﬁnoaﬂodaaﬂﬁd@ His@mﬁéd Getps! s of

the silyl gfi%r é etwﬁ{)phenone UV absorbing material are disclosed in
U.S. Pate a‘eéf“ iStherdy ‘“?%‘éﬁaﬁ?@rtaftfé@femeher ein by reference.

According -to ﬂ”ﬁ’m t

conpri ses .at |Z§§% ?@Logﬁggoéj‘lbe 4 Pjr%ﬁségr(l:]:uﬁ% Qh[gglnfﬁat X g%éo?@?j%{ gg%-gfd? C
-A 11 0 vﬂaspescmbtahtmmswfthmdwmmiently a substituted or_unsubstituted
monocyclic ' or polycydic aromatic radical, and the substit ut ed nonocycl i c
or polycycli c aromatic radical has substltuents selected from the group

consi st nggxﬁMm_nggen hal ogens, -al koxy groups, -Cl.8 al kyl groups and
hydr oxy groups and Ris hédrogen or a linear or. branched aliphatic chain

havi ng | ess t hakn aciglisbased poigies daysr wak @pplisd loarprinacy esalediank iveindow for
t ypi cal | . | b
rgg l)??i n'g P% 4‘,"%!11 |§S§§§é§/}?§%{)§)¢%€)y e ﬁ% %8 e{-'gln‘géﬁa g&éé y Weig it Qlend of

tri benzoykwesbereriosattable emulsions supplied by the B.F. Goodrich ("ompany, 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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Thi s enbodi nent of the UV absorber can be incorporated into a thernoset
primer, for exanple, as a conponent of the thernoset prinmer enulsion
conposition, 16 1 3 Septenber 2004 as described above. ThHeSepembeo?ddr can
al so be incorporated into the thernoplastic prinmer or the interlayer

descri bed above. Additional details are disclosed in U S. Patent 5,869, 185
which is hereby incorporated by reference. The foll owi ng exanpl es further
illustrate the features and advantages of various enbodi nents of the

i nvention. EXAMPLE 1 An acrylic based primer |ayer was applied to a privacy
grade back w ndow for a car conprising a-polycarbonate. The acrylic,

mat eri al GRReKing. Shdbasion, wakmpasursd otith @f CrossRit: tApgs fast specafiede by mﬁﬁdom

suppl i ed t ) i ch Conmpany, Hycar 237 and Hycar 256. The’
enulsionéa%grgeggﬁéfﬂe aapfh 2- et hyl hexyl - 2- cyano- 3, 3-

di phenyl cyanoacryl ate (a UV absorbing.-material known as Uvinul N-539TM
availablﬁggég§§35 Corp.), citric acid, and aqueous.-butoxyethanal, such

t hat the nsi sted of 2.56% by wei ght -of acrylic, polynmers, 1.44% by

wei ght of - 2- et R\bOfiack WifidGW Qa3 pregdhird) - - QaR% by
wei ght of citric acid ai(:lrcl_ Zlg% by a\%&?ﬁ Ze-gﬁ% g%(@@?%%‘?\%ﬁ@%%?@%%ﬁ? wat er .
The pri mes thasviagpy iieExamplehé gxotptahathio rvedseadditimalin iceatad dvitd hwwbchsion ai r
dry for 20-30.m nutes.. Follow.ng air . dryin t he priper, was .t hermal |y
cuted { ofERHAt YT qomBising o SubIYSes, as- desciihed abve The abrasiop dRsitjartBYe 0. 5
and 1.0 Ria3lappliedby plasha polyitbrizafion Bf Rtlamétyldr8ifoaRe (THIDSAY ) Thé Bladhiady €r
conpri sed agggfe 1-02/09 by \%@blygﬁn of the silyl gt ed hydr ox b‘enz)gphegonea ‘
ul t r avi opelymernigation yes cirriad ouyisra PEQY - aptaratusgsolius inFignes 3. Par dwt

4,419, 405 an i spersion af .col l-ai siljca in akiphatic e 4.5
al cohol - % e?’-"@%ﬁﬁt ﬁ%‘?\srgfgeflﬁe“%g‘lft I'a (%na&gn%(’él gilﬂtﬁﬁehﬂ%dfa&oygfsz’&r oduct
of ' met (PMDSORIgumyyThd poveer ddrsitgiveReT si 0 JAOAt Fiepdsadomay M ilgim,of
solids and_had . a pH of gpr_oxi ely 7.5. Wiile maintaining a sl i[()Jht air
flow to %%W%@\"&ﬁf’%)&ﬂs PERptes- Hor $he groopd 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 KJ/m® of radiation in an Atlas Xenon Arc Weatheromieter according to ASTM
G26. ASTM G_26 specifies a continuous exposure to light and intermittent exposuré o
water spray. The cycle was 102 minutes of light followed by a cycie of 18 minutes of
Vl'ight and water spray. After an cxp'osuré of 6875 KJ/M?, the sample passed tﬁe ASTM |
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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solvents, the coated part was air dried for approximately 30 m nutes.
Follow ng air drying, the interlayer was cured at' approximtely 130C for |
hour. The thickness of the cured interlayer varied bet viseBeptember. 2008
mcrons. After weathering in Florida at five degrees off horizontal for 1
year, there was no adhesion |oss, but there was mcro 17 13 Septenber 2004
cracki ng. Adhesion was neasured with a cross-cut tape test specified by
ASTM D 3359 - 92a,.test nmethod B. EXAMPLE 2 A second back w ndow was

repar ed anple 1
Except o, SUEIBEIRTE DOHNER B SR Bpiaf o} DRI MR RERT
conpri si nge&methyblmbsams(’ﬂﬂmmbddwaﬂ@tmm pbhenealzadorn ovasr eatigd it inayer

was appl i Iasrra poI Mer | ch n of .t trarret hyl dj si | oxane (TMDSO) .. The
plasma p UBLAIP i Chyee ﬁn the- O suBloxera thes reagents wese r at ed

in Figure aﬁchﬁ t ; (q-%gg) MR rgon
wth, af I-%\?vDr%g I 0, g’?ﬁ Mlﬁ 2 ﬁm§ H'Qh%%ﬁ% éo sgg&%gmp ens;lrt y mﬁ&ﬁ

J/ Kg. The Jqol%slé!&geThvayessum was 3 millitorr,and thehdurationawasoabonad ninuies Edrake For

t he second _su ea and ox) en N th af ow ratio
%100 el e B8 RBAR0 hare SRR oS T e s GO

pressure wmrSscm bygeR). The podei &@:sﬂywslm1mg 3THE predsife wad's rhipliedtr,

t hi ckness of the two subl ayers was about 2: mcrons After weathering in
Fl ori da a@ngithe dwageraas ghbputhdt ww@mﬂmdptal thickaness efegmepsublaysesswesl t he
ASTM D -333; utl@gghem on test, and there was also no mcro cracking.
EXAMPLE 3 sanpl e was prepared of pol ycar bonat e/primer/interlayer which
was identical The faxmpiplas kxpmedaptﬁmawm of irsligtidnoyesin Mﬁs@(@iﬂr‘oﬁ\:&? The

sanpl e wa osedto 6875 k iation in an Atlas Xenon -
WegF hero RGIeH AT BgKS igq fAeglg pagsed the ASTM @b%ﬁ%u%%

exposur e h@h&kﬂh&a@ﬂdd{dﬁ&%ﬂhﬁb&%&ﬂﬂﬁ%kﬁ to water spray. The cycle was
102 mnutes of light followed by a cycl e of 18 m nutes of |ight and water

spray. After an exposure of 6875 KJ/ M, the sarrplle passed t he ASTM
EXAMPLE 5 - -

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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D 3359 92a adhesion test, but exhibited extreme m crocracking. . EXAVPLE 4
A sanpl e was prepared which was identical. to Exanple 3, except it was
additionally coated with an abrasion resistant |ayer conf¥ Peptaggbene04

subl ayers as 18 13 Septenber 2004 descri bed above. The abrasion resistant

| ayer was applied by plasma pol ynerization of tetranethyldisiloxane
(TMDSO). The plasma pol yneri zation was carved out in a PECVD apparatus as
illustrated in Figure 3. For the first- sublayer, the reagents were TNDSO
and argon with a flowratio of 2:1 (TMDSO argon). The power density was 7
x 107 J/ Kg.CHABMSressure was 3 millitorr, and the duration was about,

m nutes. For the secopd bl ayer ., the reagents were TMDSO and oxygen with a
flow . ratio of el1: 1&@%@@%@%%@5@11% power density was 7 x 10~ J/Kg.
The pressure was 3 i nidubitt#ds:r, and the duration was about 27 minutes. The
total thickness of the two sublayers was about | mcron. The sanpl e was
exposed to -6875 kJ/ rfirgflaysi¢paprisingiapagiel ppndessaieeiondiarganodipeganeq s

according t : I ed . - dhesi on
test and dih Vﬁggﬁée%?%%a;m%g ;ﬂz S r?glg @Eﬁé%@%ﬁi&%}r}% gm\l/\l%s pr epar ed
whi ch was iRBi(ORSabr betheweerp Res dndepaaiepily tdiatited fi@m thdrgzokip eSissigting ol elkyl

abrasion resistant |ayer was 4 mcrons. The sanple was.exposed to 6875
kJl 2 of r &BPESiCORtaIng;bopt [-RLARARAPMS, ATGRAICHEP FIFCOBIINRS Bt Ay 3cathrsTM

&26. The s A : -tﬁ"ﬁ?&? = esi S | ot

exhi bi t an%%ﬁcrocrﬁg%ﬁu?lggf ﬁ"?ﬁél\é’gxarrp %%mﬁe?r—%%g%!’rgﬂte% thatélyﬁggxeg*ngqﬂat i on
of the di schdisgdmnil theganayanethamtyloajprapyloadicesarsitRins indeaysndently selecpedi foomgl y
resistant to m crocrackin nd has good adhesiqn, after. exposure to natural
oS ot dhe otb Reneie SRl edRBe APnEE Bou i e R BRups
appar ent t Qohgfis Siguk 52 dafbohhorAd, nd hj@kah; aaMSi deration of this

specification or practice of the invention disclosed herein.
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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It is intended that the specification and exanpl es be consi dered as
exenplary only, wth the true scope and spirit of the invention being
defined by the following clains. 19 13 Septenber 2004 CLI& $&pterhber2004
multilayer article conprising: a substrate; a first layer conprising a
partial condensate of a di organodi organooxysilane having the formula

R2Si (OR )2 or an organotriorganooxysilane having the formula RS (OR )3, or
both, where R is independently selected fromthe group consisting of alkyl
groups contai ning about 1-3 carbon atons, aromatic groups containing about
6-13 carbon at@ms, tAmuitilayer aytieds compprisiige 3, 3, 3-tri fl uor opropyl radical,

t he gamma- gl yci doxypros%l ter‘adi cal and the gammanet hacryl oxypropyl radical,
and R is independentily Ye%cted from the group consi sting of al kyl groups
contai ni ng about 1- 8 aGaEt18yer *bMYEsing b QAR Cor@iefisRSof £AIBERANSdiBEaARKYkilfre20
carbon atons, and hydr ogﬁn; and a second |ayer conprising a PI asma

pol yner i zed2wngiifoformpladiSiORY: seaparganetromanenxysidangdgssgtqiioanuly power

| evel of 1Qf: J i : ' r
articl o coterie iyt Vb il Ry ERRRRRALy RERIR RO Rong corisfill o AP
condensat e gpdupa coh@indrepabdud! -G aacthoxusirhs amadi@\praupsichrtafmtigabioat &4 Sica@snh) 2. or

S ST TR N NC AR L
1S | n_ e_pen ’ ¢ 1 T3
cont ai ni ng r%@fﬂ{aﬂ&ﬂ% %}P@gﬁlﬁ%a xy b BhdiCal HrfAUP$s ﬁlﬁ@ﬁéf‘l’dﬁl}tﬂgse?ge%tﬁ‘cﬁﬁ 13

carbon atans, e viny he "3, 3,3-trifl uoroprop radi cal, the

ganmma- gl ycitbogrppp opysisting aflalkal granps ¢dnérigiagnabon tl hcarhdroatpms opymatiagioopd , and

R is independently s ted from th oup _consi sting of al kyl groups

cont ai ni ng “ShBHD %‘t?ugé'ﬁéc?ﬁr%gfl&?%{‘s’ Q?‘gpgc{rf’%eong%‘ﬁps contai ni ng about 6- 20

carbon atons, and hyQreesi:lapR defosied B the MY¥Ehyd OB kbdwnAJayr Béxﬁ?ﬂﬁlu% an
ia

pol ynmeri zed organosilicon; Wwherein the article renmains substan y free
of m cr ocr Akepogificer mpgriggwhich 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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exposed to 6875 kJIn2 of radiation in an ASTM &6 cycle in a xenon arc

weat heroneter.. 20 13 Septenber 2004 3. A nmultilayer article conprising: a
substrate; a first layer conprising a partial condensat eldEeplember 2004

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

or ganot ri or ganooxysi |l ane having the formula RS (OR )3s or both, where Ris
i ndependently sel ected fromthe group consisting of alkyl groups

cont ai ni ng about 1-3 carbon atons, aronatic groups containing about 6-13
carbon atons, the vinyl radical, the 3,3,3-trifluoropropyl radical, the
gamma- gl yci doxy g opy|Theragtile of claimiS twizereja trafinsblafiermopipoiegpr bioyl0 weidhtcal |

and R is inde ntl.y.sel ected t he, group, cpnsi st i f al kyl groups
cont af ni ng TSGR CLBeolbi T i 30 RO kPR tiePBn S e afteal ol e 6 20
carbon atons, and hydrogen; and a second | ayer deposited on the first

| ayer, the second |ayer conprising an organosilicon material which has
been pol yneri zed- and Biiagicdedf ¢laimhSpyhesein the fist byerdhhen copprisesam dliraniplgt
silicon, O%X%gt@m &%H) m?tglqalhydrogen. 4. The article of claim3, wherein
t he di organodr or ganoo%}'&l ane or the organotriorganooxysilane conprise a
silanol of the fornmula RSI (OH)2 or RSi (OH) 3, respectively, in which Ris

sel ected fromthe group consisting of alkyl radicals of 1 to 3 _carbon
atons, the vinyll0 adildgarticle,ef daigrd wherein ths Whryplet 2bsqrhipg matergkcomprises

gamragl yci dax %@%Jd 529k hafddet he gamma- et hacryl oxypropyl radical. 5.
The article ol¥' cl al m%@m%gk)e‘?{r% ?he first layer further conprises coll oi dal

silica. 6. The article of claim5, wherein the colloidal silica conprises
particles havi a dianeter of .10-30 nangneters. 7., The article of claim
B Wheroin ot 1 ddst SRR el Yart e e iR ErTintef sosbing etebaletmaieny 5
and (CH3) 23k 1dabdné poRbedzdyRepira@abrer 2004

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 Si0yCyH,, 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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8. The article of claimb5, wherein the first |ayer conprises 10 to 70

wei ght = percent of the colloidal silica and 30 to 90 wei ght percent of the
partial condensate. 9. The article of claimb5, wherein tieSéptesbet 200
further conprises an ultraviolet radiation absorbing material. 10. The
article of claim9, wherein the ultraviolet absorbing material conprises a
silyl ated hydroxybenzophenone. 11. The article of claim9, wherein the
ultravi ol et absorbing nmaterial conprises at |east one

pol ybenzoylresorcinol . 12. The article of claim5, wherein the first layer
is applied by atl7} eadihearticloof claif bnivrigreis ﬁreasycmgl layir ppilepgsitesk ataipomsr r ol |
coati ng, g ? @“ﬂ£§ 3ﬂwTh %{tlcle of claimb5, wherein the
second | ay 7S ﬂ%@“&ﬁ%gﬁﬁ SH SHESHOREN cal vapor deposition of an
organosi |l i con nononer. 14. The article of claim13, wherein the

organosi |l i con nonomer_conprises at |east one of. tetranethyldisil oxane,
hexanet hyl di si | d8ane Theqaticloef el F@IW%F@%@F renynesubsgntiatheieaafi cl e of
claim 3, # e

oxi i zod orsristieky SRR b B8 BRTPLYRS 5 AabliBE iy BROMBRLER, 1

0. 5<X<2. 4, )@n&ﬁéﬁéhdﬁthemﬂet&kZd 0. 16 The arti cle of claim3, wherein

t he second | ayer is applied by plasna enhanced chem cal vapor deposition.
22 13 Septenber 2004 17. The article of claim 16, wherein the second | ayer
is deposited at po cEXxcess
oxygen. 18. The lgl’tl c #ﬁé/ E?I%B’i%’ erg#{ﬁﬁgw 2 rti crl%eﬁr%ggrr@{%ﬁg{h

subst anti alshbstfaltce:mddheﬁmtéayanracks after being exposed to 6875 kJ/ n2 of
radiation in an ASTM &6 cycle in a xenon arc weat heroneter. 19. The
article of claimb5, further conprising a prinmer |ayer between the

substrate and the, firgfe a@I€6f 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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acrylic.20.The article of claim19, wherein the prinmer |ayer conprises a
thernopl astic acrylic.21. The article of claim19, wherein the priner |ayer
conprises a thernobset 22.The article of claim19, whereit3 Gaplepmben’d04 ayer
i ncludes an ultraviolet radiation absorbing material. 23. The article of
claim5, wherein the first layer has a thickness of 1 - 15 mcrons. 24.
The article of claim5. wherein the first layer has a thickness of 5 - 10
m crons. 25. The article of claimb5, wherein the second | ayer has a

t hi ckness of 0.5 -5.0 mcrons. 26. The article of claim5, wherein the
second | ayer hag7a t Hibekrigdsobslaipy 10, véhegein theqriomes 1228 haBa Sigknesslndi0.2004 27.
The arti cl qmg)fongl aim 19, wherein the priner |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 nethod of formng a multilayer

article conprisifg: | vi fir l.ayer .t o a sybstrate,.the first_ layer
conprising a parttal af@%ﬁﬁtgﬂ%gf%mg} %’W %?%@W%ﬂwﬁé@?gﬁkgﬁ%g qu\ﬁ'ha t he
fornmul a R2Saigfdds,) 2 or an organotri organooxysil ane having the formul a

RSi (OR )3, or both, where Ris independently selected fromthe group
consi sting of al kyl groups containing about 1 -3 carbon atons, aromatic
groups cont ai ni 12g. abuinefholl df €aridiona aludtileyertabtécly caipprisimgi cal , the 3, 3, 3-

Lo {1 woropr oyl Lol ol SR Al SORUpr 0B Lo cal ot e orme.
consi sti ng aafiorgahddidrg@icatipsilade hbdh ieFoah@d R,$i(OROA6HPAN atons, aromat ic
GrouPS. Font 0L Shout, 8 200caL D20, & TR, AR, ARSI A0 aRpLYLng, P

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<Y<1.0, and 0.7<Z7<4.0.

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

colloidal silica.
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material in excess oxygen. 30. The nethod of claim29, wherein the
organosilicon material is plasma polynerized at a power density of 106-108
J/Kg. 31. The method of claim 29, wherein the second |ayﬁ$Se@e@é9¢ﬂEH-by

pl asma enhanced chemi cal vapor deposition. 32. The nethod of claim 29,
wherein the second | ayer conprises a polynerized and oxidized
organosilicon material having the formula Si QO , 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

| ayer (20) further conprises colloidal silica. 24 13 Septenber 2004 34.
The net hod of cl34i m A%e nydteodeoficlaime?y, mhstein thy dirstilayes pypdppdidd by ableadt ensofone

of :  flow .Sprayi nd, ,di pping,,.brushin rol] coatin and curtain
coat i ng. Sgﬂ’wﬂ]lgs ddIB’Pi%gflgi%FHlE ,mﬁﬁ?%%?&a‘t %&f%?% $he step of curing
the first layer. 36. The method of claim 29, wherein the article remains

substantially free of mcrocracks after being exposed to 6875kJ/ n2 of
radi ati on i n an3AsTMIdgenatled of dlaima2?, fethen cemprisipg thesteprsicaring te firgtayer.

met hod of claim?29, further conprising the step of applying a prinmer |ayer
bet ween the substrate and the first layer. 38. The nethod of claim 37,
wherein the primér | ahemaiodsf ddm 20, Whereiiibe asidle renasiisySubstamtiiligrfiezlof 39.
The nmet hod of cl ai(m 37, wherein the fri r I%et conpri ses a thernoset
acryl i ¢ matidfrosracksipfter Reingiopesedto PEFIRINY of radiption gy AR Y G46LyeliBR si ng:
appl yi ng ax‘%%l&?érch@é erdnfetd, Substrate, the first layer conprising a parti al
condensate of a dior ganoél or ganooxysi | ane having the formula R2Si (OR )2 or
an organotriorganooxysilane. having the fornmula RSI (OR )3, or both, where

R i i ndependently _selected (oMU {96008, £003 ShLNGL, e AL, SE0uBS

cont ai ni ng abou
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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aromati c groups containing about 6-13 carbon atons, the vinyl radical, the
3,3,3- trifluoropropyl radical, the gamma-gl yci doxypropyl radical and the
ganmma- met hacryl oxypropyl radical, and R is independenti3/Serie@bercd0r om
the group consisting of alkyl groups containing about 1-8 carbon atons,
aromati c groups containing 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 formed by plasma pol ynerizing an
organosilicon material w thout oxygen and a second subl ayer formed by

pl asma pol ymer i 2pPplyingrd sseepuhlawsriandba firshlayer, fhe sprond leygrgemprisipg 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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