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(54) Title: PROCESS FOR THE PREPARATION OF UV PROTECTIVE COATINGS BY PLASMA-ENHANCED DEPOSITION

} (57) Abstract

This invention relates to a process for the preparation of UV protective coatings by plasma—enhanced vacuum deposition, using
hydroxyphenyl-s-triazines as UV absorbers. This invention also relates to the use of hydroxyphenyl-s-triazines in plasma-enhanced
vacuum depositions and to the substrates coated by this process.
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Such coatings can often be used to specifically change substrate properties. In particular,
these processes can bring about surface changes without altering, or even impairing, the
other properties of the material very much.

EP-A-0 734 400 describes, for example, the deposition of phosphorus-containing com-
pounds for achieving flame-retarding properties of fibres and fabrics.

US 5 156 882 describes the plasma-enhanced deposition of UV absorbant layers consisting
of TiO, or other transition metal oxides. One problem in the case of the deposition of inor-
ganic oxides is that the adhesion achieved on polymer substrates is usually only insufficient,
thus making it necessary to build up additiona!l intermediate layers of e.g. SiOz. The UV ab-
sorbant inorganic layers are usually not fully transparent in the visible range which is disad-
vantageous for many applications.

Attempts have therefore also been made to obtain UV absorbant coatings by depositing
purely organic compounds via plasma processes.

DE 195 22 865 describes, for example, a PECVD process (“plasma enhanced chemical
vapour deposition”) for the preparation of UV absorbant coatings using compounds con-
taining a structural element of formuta (A)
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deposited. The deposned film can therefore have absorption properties completely different
from those of the original compound. Apart from the absorption properties, the photoche-
mical resistance of the deposited compound in the film can also be different from that of the
original compound, so that the long-term protection of the deposited film can deviate sub-

stantially from that which one would expect when using the original compound in a con-
ventional coating.

Surprisingly, it has now been found that the UV absorber class of the hydroxyphenyl-s-tri-

azines is very particularly suitable for the preparation of UV absorbant layers by plasma-
enhanced deposition.

The absorption spectra of the deposited compounds show only a minor change as compared
to the spectra in solution, indicating good retention of the molecular structure. They can be
evaporated in a wide temperature range without degradation and form, under the conditions
of plasma depaosition, clear transparent coatings. In combination with a mono- or polyolefi-
nically unsaturated monomer, which is evaporated concomitantly, it is possible to prepare
highly adhesive coatings on polymeric substrates.

Because of their good evaporability - without degradation even at higher temperatures - it is
also possible to concomitantly evaporate higher molecular weight chromophoric substances
such as pigments or dyes and thus to prepare highly UV absorbant coloured coatings.
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Examples of thermoplastic crosslinked or structurally crosslinked plastic materials are listed

below.

1. Polymers of monoolefins and diolefins, for example polypropylene, polyisobutylene, po-
lybut-1-ene, poly-4-methylpent-1-ene, polyisoprene or polybutadiene, as well as polymers of
cycloolefins, for instance of cyclopentene or norbornene, polyethylene (which optionally can
be crosslinked), for example high density polyethylene (HDPE), high density and high mole-
cular weight polyethylene (HDPE-HMW), high density and ultrahigh molecular weight poly-
ethylene (HDPE-UHMW), medium density polyethylene (MDPE), low density polyethylene
(LDPE), linear low density polyethylene (LLDPE), (VLDPE) and (ULDPE).

Polyolefins, i.e. the polymers of monoolefins exemplified in the preceding paragraph, prefe-
rably polyethylene and polypropylene, can be prepared by different, and especially by the
following, methods:
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mixtures of different types of polyethylene (for example LDPE/HDPE).

3. Copolymers of monoolefins and diolefins with each other or with other vinyl monomers,
for example ethylene/propylene copolymers, linear low density polyethylene (LLDPE) and
mixtures thereof with low density polyethylene {LDPE), propylene/but-1-ene copolymers,
propylene/isobutyiene copolymers, ethylene/but-1-ene copolymers, ethylene/hexene copo-
lymers, ethylene/methylpentene copolymers, ethylene/heptene copolymers, ethylene/octene
copolymers, propylene/butadiene copolymers, isobutylene/isoprene copolymers, ethylene/
alkyl acrylate copolymers, ethylene/alkyl methacrylate copolymers, ethylene/vinyl acetate
copolymers and their copolymers with carbon monoxide or ethylene/acrylic acid copolymers
and their salts (ionomers) as well as terpolymers of ethylene with propylene and a diene
such as hexadiene, dicyclopentadiene or ethylidene-norbornene; and mixtures of such copo-
lymers with one another and with polymers mentioned in 1) above, for example polypropy-
lene/ethylene-propylene copolymers, LDPE/ethylene-vinyl acetate copolymers (EVA),
LDPE/ethylene-acrylic acid copolymers (EAA), LLOPE/EVA, LLDPE/EAA and alteméting or
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7. Graft copolymers of styrene or c-methyistyrene, for example styrene on polybutadiene,
styrene on polybutadiene-styrene or polybutadiene-acrylonitrile copolymers; styrene and
acrylonitrile (or methacrylonitrile) on polybutadiene; styrene, acrylonitrile and methyl meth-
acrylate on polybutadiene; styrene and maleic anhydride on polybutadiene; styrene, acrylo-
nitrile and maleic anhydride or maleimide on polybutadiene; styrene and maleimide on poly-
butadiene; styrene and alkyl acrylates or methacrylates on polybutadiene; styrene and acry-
lonitrile on ethylene/propylene/diene terpolymers; styrene and acrylonitrile on polyalkyl acry-
lates or polyalkyl methacrylates, styrene and acrylonitrile on acrylate/butadiene copolymérs,
as well as mixtures thereof with the copolymers listed under 6), for example the copolymer
mixtures known as ABS, MBS, ASA or AES polymers.

8. Halogen-containing polymers such as polychloroprene, chlorinated rubbers, chlorinated
and brominated copolymer of isobutylene-isoprene {halobutyl rubber), chlorinated or sulfo-
chlorinated polyethylene, copolymers of ethylene and chlorinated ethylene, epichiorohydrin
homo- and copolymers, especially polymers of halogen-containing vinyl compounds, for
example polyvinyl chloride, polyvinylidene chloride, polyvinyi fluoride, polyvinylidene fluaide,
as well as copolymers thereof such as vinyl chloride/vinylidene chioride, vinyl chiorideAinyl
acetate or vinylidene chloride/vinyl acetate copolymers.
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for

12. Homopolymers and copolymers of cyclic ethers such as polyalkylene glycols, polyethy-
lene oxide, polypropylene oxide or copolymers thereof with bisglycidyl ethers.

13. Polyacetals such as polyoxymethylene and those polyoxymethylenes which contain
ethylene oxide as a comonomer; polyacetals modified with thermoplastic polyurethanes,
acrylates or MBS.

14. Polyphenylene oxides and sulfides, and mixtures of polyphenylene oxides with styrene
polymers or polyamides.

15. Polyurethanes derived from hydroxyl-terminated polyethers, polyesters or polybutadi-
enes on the one hand and aliphatic or aromatic polyisocyanates on the other, as well as
precursors thereof.

16. Polyamides and copolyamides derived from diamines and dicarboxylic acids and/or from
aminocarboxylic acids or the corresponding lactams, for example polyamide 4, polyamide 6,
polyamide 6/6, 6/10, 6/9, 6/12, 4/6, 12/12, polyamide 11, polyamide 12, aromatic polyamides
starting from m-xylene diamine and adipic acid; polyamides prepared from hexamethylene-
diamine and isophthalic or/and terephthalic acid and with or without an elastomer as modi-



mel am nes_on the other hand, such as phenol f or mal dehyde resj

ur ea/ f or NAPIMIL re- sins and nel ani ne/ f or mal dehyde’ r esi i&ﬂfpgﬁ@:&& yi ng
and non-dryi ng al kyd resins. 23. Unsaturated pol yester resins derived
from copol yesters of saturated and unsat ufated dicar boxylic acids with
pol yhydri c al cohols and vinyl conpounds as crosslinking agents, and al so
hal ogen-cont ai ni ng nodi fications thereof of Iow flanmbility. 24.

Cr OSS: i nkaﬁdrﬂoacxatﬁdlle p?QSZ,m.ﬂ.-ﬁmr}étww(ibxbhtb:msﬁembiefphmleﬁnﬂ?é gt ﬁél?ﬁr-p{lﬁylene
exanpl e epoxy acry- |ates et hane acryl ates or polyester acryl ates,.

Tee ™ 25 spntyiAiaddidenand 3lsp pleck epponuasiaot Bnaiataniotod bayarside¥ wilbipoivels
W th mel anfreolefis toisolyrHéRaiohSMeRSor cheMfcafy Bbifed dr?%ﬂéﬂf‘éléﬁbtﬁérs; or with poly-
pol yi socyanat es or resins, 26. Crosslinked epoxy resins derive

ep0oX
from al i phethp@, eey\ﬂﬂa)apf\a/rgw&ene dlyeak pelyprppylere glycelop mm%agewﬂyl glycol; as
conpounds, bhiMed i ' e ke henol
7 Wb o oy S 8 pOURFAES Br Condahities NG WM TP BL ABRAER) advaesba®
ani nes, wi @ensgd dufing pracessing (RIMpalyamide systemalat ur al  pol ymers such as
cel l ul ose, rubber, gelatin and chem cally nodified honol ogous derivatives
t hereof, for exanple cellul ose acetates, cellulose propionates and
cel | ul ose bt Polywrgasolyimidesepalydnide-inidestpolyethesimids, polyasteripidse polybydastoinsas

well as rogj ' ri vatives. 28. Bl ends of the aforenenti oned
pol yner s (%%‘Pé%'fgegni'5&"5\,85#°5€£exarrpl e PP/EPDM Poly- ani de/ EPDM or ABS,

PVC/ EVA, PVC ABS, PVC/ MBS, PC/ ABS, PBTP/ ABS, PC/ ASA, PC/ PBT, 'PVC CPE,

PVC/ acryl - tdi i | i

e S8 B IRE e R 15 o BB e
PBT/ PC/ ABSopthe RBITéstiondING. lactorTés; fdrlexamplel poiysititylener terephthalate] polybstylenstterephd v
crosshinkeg, phéSolyc1 T2hREthfloicyBioREahng t83pHKnBRt/and polyhydroxybenzoates, as well as

block copolyether esters derived from hydroxyi-terminated polyethers; and also polyesters
modified with polycarbonates or MBS,

19. Polycarbonates and polyester carbonates.

20. Polysulfones, polyether sulfones and polyether ketones.

21. Crosslinked polymers derived from aldehydes on the one hand and phehols, ureas and
melamines on the other hand, such as phenol/formaldehyde resins, urea/formaldehyde re-
sins and melamine/formaldehyde resins.

22. Drying and non-drying alkyd resins.

23. Unsaturated polyester resins derived from copolyesters of saturated and unsaturated
dicarboxylic acids with polyhydric alcohols and vinyl compounds as crosslinking agents, and

also halogen-containing modifications thereof of low flammability.

24. Crosslinkable acrylic resins derived from substituted acrylates, for example epoxy acry-
lates, urethane acrylates or polyester acrylates.



ol efin, polyam de, polyacrylate, polycarbonate, polystyrene or an
acryl/ n%(?%gggzleal kyd or pol yurethane paint system Poby4Apbiaie :cs

particul’a ferred. The plastic materials can be inthe formo
films, noulded articles, extrusion produgtion parts, fibres, felts or
fabrics. It is possible to provide not only building conponents for the
autonotive industry but also objects such as spectacles or contact |enses
with a thin UV absorbant | ayer. The WV absorbers of the

hydr oxy ph@hyAlkyd fesing; pelyestearesing s acaviate rasinscressiinkaswithamelaginghiesins, ureas

t han 1000,,g; { r | -s-triazine class

are comporss, gpig?é@grﬁ%g,' is ?ﬁgrﬁﬁt%e. polyRbeydhatddydi leBENPIASRY! Lo :
26. Crosslinked epoxy resins derived from aliphatic, cycloaliphatic, heterocyclic or aromatic
glycidyl compounds, e.g. products of diglycidyl ethers of bisphenol A and bisphenol F, which
are crosslinked with customary hardeners such as anhydrides or amines, with or without
accelerators. '

27. Natural polymers such as cellulose, rubber, gelatin and chemically modified homologous
derivatives thereof, for example cellulose acetates, cellulose propionates and cellulose buty-
rates, or the cellulose ethers such as methyl cellulose; as well as rosins and their derivatives.

28. Blends of the aforementioned polymers (polyblends), for example PP/EPDM, Poly-
amide/EPDM or ABS, PVC/EVA, PVC/ABS, PVC/MBS, PC/ABS, PBTP/ABS, PC/ASA,
PC/PBT, PVC/CPE, PVC/acrylates, POM/thermoplastic PUR, PC/thermoplastic PUR,

POMWacrylate, POM/MBS, PPO/HIPS, PPO/PA 6.6 and copolymers, PA/HDPE, PA/PP,
PA/PPO, PBT/PC/ABS or PBT/PET/PC.

The th'ermoplastic, crosslinked or structurally crosslinked plastic material is preferably poly-

olefin, polyamide, polyacrylate, polycarbonate, polystyrene or an acryl/melamine, alkyd or
polyurethane paint system.

Polycarbonate is particularly preferred.

The plastic materials can be in the form of films, moulded articles, extrusion production
parts, fibres, felts or fabrics.

It is possible to provide not only building components for the automotive industry but also
objects such as spectacles or contact lenses with a thin UV absorbant layer.

The UV absorbers of the hydroxyphenyl-s-triazine class preferably have a molecular weight
of less than 1000.

Preferred UV absorbers of the hydroxyphenyl-s-triazine class are compounds of formula | or
i



[err] . . nis 1or 2, Rerr] and R2 are each

i ndependw@ 495547t t he other H, OH, Cerr]-Cerr]al kyl or hBCHERI¥I2F36

-10- R3 and R4 are each independently of the other H OH,
Jerr]-Cerr]alkyl, derr]-Cerr]al koxy%r hal ogen and, in the case of n =
1, can also be aradical -OR[err], Rerr] and Rerr] are each independently
of the other H (err]-(err]alkyl or halogen, Rerr], if nis 1, is
hydrogen, Cerr]-Cerr]alkyl, or (Jerr]-C[err]alkyl which is substituted by
OH, derr]-Cerr]al koxy,

-
H?
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R, N| SN R,
Z
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R R
) RG Rs :
.
o -n
= -
o R,
OH
Nl NN
Z
! (T :
0,
R, R, m
- ' n
wherein
nistor2,

R; and R; are each independer_\tly of the other H, OH, C,-C,.alkyl or halomethyl,



hal ogen, phenoxy, or by phenoxy which is substituted by Cferr]-err]al kyl,
Cerr]-Cd ; xy or halo- gen; or by -COOH -COCR err], pct/oMbi?02536

- CONHR[ er r - (Rlerr])(Rerr]), -NH2, -NHR[err], -N(Rerr])(Rerr]),
NHCOQ[err] -CN and/or -OCOR[err], or R710s C C20al kyl,

C[err]-C[err]aI kenyl, glycidyl, C5-Cferr]cycloal kyl, each of which is
i nterrupted by one or several O and substituted by OH or

Clerr]-C ey aﬂd@?@fe eﬁh‘l‘? n@BFéﬂﬂenW bﬂhe 'oih CE-'b@H oI gaik), @-‘Cwamoxy or halogen
Cerr]-Cerr]a K err| phenyl al kyI CO'R err]
-Sgerr]- R[9é"|drf' %8 fo"mﬂr%@f‘?'@ Bﬁ@ Fﬁ'rgﬂed or substituted by OH, CI or

CH3 and, i fRJuy mgareleac%eplﬁddnh g%rr?er%,@gan i 8 hasydene, xylylene;

CSC[err]aIkerne which is nterr one or s

subst it ut eomagf na;ﬂ I8 hgd@apnr@-@@amev@e zwwvnncmgﬁgbﬂ(tw@mm 01 -Cigalkoxy,
-CO-Rerr] é}‘ld' cﬁ'rﬂy] Y{f@«hr rs su Wﬁtltuted by C,-Cwikyé Cy- ,salk?xy or halo-
QN

-(CH2) [err] - er r
Jerr]-d ergqmpklw -C .r‘@ KenGONHES, COMRR ohrNEL, RsntNiBlsl(rBtobd

by O (,Cdoa
czcl thIXSIr 'c%r a er’r err eny11 ‘P‘ Cég@ I{# kS Eéhgl @t% ¥'dd 10ee¥g lgail)?;l
- P( O ( OR[ eredchaf wh F@ mterrt)p(tﬂ{ kY ofg omveMMWpsmnmdmy @ior R-Ehadikaxyid

G b 1] ol BB RSHPRAE Stk of B, B CGRIcHoR F0EPR,E Cy IChiphéhylalk, Oz or
d err] - d er+SQuyRk,cRich pf whizh isissubbtitated dRsabstituted by Ok ICl ar EHgandghh ks/2,d$182-0r°
Gert]-d or Praiilbfé Sl Shdier 1ifibad 55 il wibEls elripted by one or
g[[ err } g[[ er s§vardt { and2ar- sibetitutes| Hy<Dly] a grokip HQHzCW)CHzOE&sﬁ@ﬂWSDH)EHenoxy;
err]-Cerr n n
er ]9 e AR LR B NP CAT D Gort BB SOC6-BRRN: Whali R s 1-3,
C[ er r] -  er R} &l GyC eyl yC,- Cﬁhtkenil wcga&wmrua[ sﬂrtt]amlxrkydi by O, phensy and/B¥ subssti- | s
2 er ) ponP LSRR ol BNBnRBLECY. BRSHIR) S B e e
(Cj:lz E:[eﬁrlr]eﬁémﬂluny«n)f(g!ra?oﬁm](RGP]errdmmﬂﬁdnkixdrow, phenyl enfae napht hyl ?gﬁe
napht vl ene P ARG Ry arh aar SR ARl plp aber CoyCiriph s kSR, G b
:Q[Ser:rz] C[acraurjr]aui(i)doplkgrmaccycgéyddi o atiyt, Joal kyl gne which is interrupted by O and
Clerr]-Cer %5?@5‘!“’ tg@%ﬁf’ﬁ"%?’e@iaﬁy ei'(‘é)?yh {S{g&xaaﬂﬁ!ﬁﬁﬂsﬁf ]anﬁﬁaanfyﬁﬂeer r] or
rljlg: gggz. . Ry |sC1 C%ar!kgl , Co- C,aalkenyl or phenyl, ot erred. o
i i nj
to 1% car boﬁ‘h rh?‘?aé g[%'ré‘ﬁ%lﬁ @%Uﬂb@hh&ﬁ@‘ﬂ%g F'&%ﬁy él gr‘aag?(%%ﬁ% rt?@ﬁﬂ
o et byl Er?p’"“'}?’ oot ““”'Z“n’t”"“"‘"““ St bl benty T 1. 3-df et hyl but y
- u n- i u
n- hele, '1y- ' 'fﬁgﬁé%!'ﬂ", eB?éhthymEgﬁngb‘Fy‘inﬁ % 3,3-tetranet Kyl bu%/yl
1- net hyl hepWJisCS-Grmllkahplpmyl n-octyl, 2-et hyI hexyl 1,1,3-trine-
t hyl h |, st t , v
(el b A NSRS o o B TR bron Xis QS
pent adecyl , -8@xadHy br -G(Cplpdecyl or octadecyl .
R is C2-Cyoalkylene, Co-Cgoxaalkylene or C,-Cyothiaalkylene, phenylene, naphthylene,
diphenylene or C,-Cealkenylene,
Rz is C2-Cyoalkylene, phenylene, naphthylene, methylenediphenylene or Q-C,salkylphe-
nylene,
R1a is C2-Cyoalkylene or C4-Czoalkylene which is interrupted by O, and
Ris and Ry are each independently of the other H, OH, C,-C.alkyl, C,-C,zalkoxy, NH,,
NHR,, NRgR, or halogen.



Al kenyl containing 3 to 18 carbon atons is a branched or unbranched
radi cal wg sassgranpl e propenyl, 2-butenyl, 3-butenyl, i soPQT/ERIH02536
n- 2, 4- pent adi enyl , 3-net hyl - 2- but enyl , n-2-octeny|, n- 2- dodecenyl ,
isododecenyl, oIeyI, n- 2- oct adecenyl of1n-4-octadecenyl .

Cr-d err] Phenyl al kyl is, for exanple, benzyl, [err]-nethyl benzyl,
[err],[err]- dinethylbenzyl or 2-phenyl- ethyl. Benzyl and

Lo, = diahy bk cbtooft 6 PAS @Bl erefet¥ Oyl onl iyl s, for exampl e,

(r:% ;: Ih gf)gmtl:ll;yl c%ntahimglup toyelola(p:tmmgt?]ms gsl mbidnyl:reer;/ﬁd u.rr@aﬂo?led raed;ca}l,dbeao;dmple .
or t 2 burgR ey cstnipb I okroBHE BB Set sy FRotn. e bR AL ubioReRyup ¢ o
é?hg )6(1; bqsp"ﬂpghqna -méthﬂpbgﬁg g tsadtmuhymkm Arh&ad 1r-|g:)e(i§/mnie§r/]|{ mewamheﬂﬁ; Soxy,
hexoxy. 1h19§ E}/amﬁi‘yﬁ QX dé@%’g‘ﬁ WP?E‘??'&H‘BE 'G)W’c'ﬁr tg@%?’%vx’ypgrt"me'

oct adecxh;fwemyl 1 hﬁé erté&arﬁémylfabﬁykhb@ﬁ%dcm anaﬁc@nqtradmgmmwr Aosdstl radical ,

for exa met ene pro- ene rime ene tetrarret hyl ene,
pent amet hl/ 9%5 hﬁ@(ﬁﬁ@)"ﬁ?ﬁ‘)@rﬁ@de‘}%&tmﬂyPgﬂ@e%bhﬁ%W beptadecyl or

decanet hyghyaeyl. dodecanet hyl ene or oct adecanet hyl ene. A preferred subgroup
of the conpounds of fornula | or Il is that, wherein nis 1 or 2, Rerr]
and R2 are each independently of the other HH OH or (Jerr]-C4al kyl, R3 and

E?e?;]e a\ﬁw(g%lﬁﬁﬁfﬁg?gghéoc%@béﬁ’ﬂaﬁ%gé b%%@ rérlc gﬁ%éﬁé’él for example

| ndependlmpmyl @rbutenyl,c3-betenyl, isebutpayt,m-2,.¢4mintadignyl, 3-methyl 2-buteny| n-2-octeny|

E:[ erri C?[ err E%ﬁ?gi SOHP#%G,%W Pfﬁcy’hﬁ%&ﬂ% Sen ' N%%ﬁ&ér%eﬂ%l ch I's substituted
by OH, derr]-(err]al koxy, phenoxy COCRS -CONHRj err],

C-Cf or rRERIP Y o535 SR, Bieat aééwm%%ehemﬁireviéﬁ%l” At od by

one or s Rlerr] is (err]-Clerr]alkyl,
C3-C, 8al ﬂgﬂy?én%ﬁgé%dl%mﬂeml?ﬂe Pbséf@’nét errupted by O and/or substituted

by
Unsubstituted or C4-C,alkyl-substituted Cs-Cgcycloalkyl is, for example, cyclopentyl, methyl-
cyclopentyl, dimethylcyclopentyl, cyclohexyl, methylcyclohexyl, dimethylcyclohexyl, trimethyl-
cyclohexyl, tert-butylcyclohexyl, cycloheptyl or cycloocile

Alkoxy containing up to 18 carbon atoms is a branched or unbranched radical, for example
methoxy, ethoxy, propoxy, isopropoxy, n-butoxy, isobutoxy, pentoxy, isopentoxy, hexoxy,
heptoxy, octoxy, decyloxy, tetradecyloxy, hexadecyloxy or octadecyloxy.

Ci-CygAlkylene is a branched or unbranched radical, for example methylene, ethylene, pro-
pylene, trimethylene, tetramethylene, pentamethylene, hexamethylene, heptamethylene,
octamethylene, decamethylene, dodecamethylene or octadecamethylene.

A preferred subgroup of the compounds of formula | or il is that, wherein

nis1or2,

R, and R; are each independently of the other H, OH or C,-C,alkyt,

R, and R, are each independently of the other H, OH, C,-C,alkyl, C,-C,alkoxy, halogen or a
radical -OR;,

Rs and R; are each independently of the other H or C-Caalkyl,



OH, or Cerr]- C4a| kyl which is substituted by -P(O (OR14)2, R err] and

R err] arﬁ, ndependently of the other (Jerr]-( err] al grERon2s3s
cycl ohexy err] and R err] together are pentanethyl ene or

3- oxapentarrethyl ene, Rerr] is C[err]-CL%r_] al kyl, C2-C[err]al kenyl or
phenyl, and R14 is (err]-C4al kyl, and Rerr] and R20 are each

I ndependently of the other HH OH, (err]-Cerr]Jalkyl, Cerr]-(err]al koxy
or hal ogen. Partlcularly&{referred co ounds of formula | or II are

t hose, wheReifm ia 1;is hydiagen, Graﬁ!f()"aﬁdcid -rﬂi'YleYﬁ'dV'rRIé’ﬁéh\de@ﬂWf wihichtg:

Rer ] and i BustoyOn, SHORRROR Biohdly-RRICHL, COMR,, o FiR T antiel O =

d err] - C eQGQRI2nd, ith éx 2,]is Cé-Lhialkylengl GoCehltkenylenbexylyenaior BlrCeikylepe whiat ed

by OH, C4- - : d/or -OCOR[err

axd If n |%lﬂéff&[ﬁé&@¥ép? %r]d'%'?(d){?rg\aggﬁgég bb’)eéllil[ g;;] ) 1an4 )?yl yl ene, or]

C3- C20al kyReleﬁ(,»@\halkyliGg C{aalkemy!;rﬂ:;ﬁlizoﬁkyl(wmms aitemmedq ? ﬂ(a}ﬂ/?/\rhﬁuﬁﬁhtgtﬁﬂebyr]

A- r n err]a ichis

: ?lt err qutere g?’% QP@VEM@U% q%%%é"@fibg{‘ @[ err]-C4al iyl which is

subst i t ut eRy éyd RR(EER e&EY iadeporidentif efithé oﬁtﬂdCRDaalk% o&fzﬁ:ldb](éxﬂ', eg[a; aricidm& kvl
err] is err]- e an err] is err a

E[nd R][err]tcobﬁ{ﬁ' L{?’g[rﬂe]“ %?%hﬁﬁ'&%m %ﬁ?@ﬂl’%‘?ﬂ%@é%’ the other H (err]-Cal iyl

or Clerr]-g4as bqlmalkyl @@cgalm mrlpheﬁyleémred corrpounds of formula | or 11

are those, wherein "Wr11 and R7, if nis 1, is a group

-CI—|ZCH(O—|)6HZ§9R[3 'pﬁl erei n Rerr] is (Jerr]- C[err] al kyl ,- phenyl; phenyl

or C3- (] ef Rl angempute ddthGiddpandetitylof tHe GHedH, @uem{-baéﬁ&y@rc,l@gah&ky or halogen.

Cerr]-Cerr]al koxy or halogen, and, if nis 2, IS a group
- CH2CH( OH) CH20- Rl err] - OCI-|2CI-|(G-|)C1-|2- wherein R[err] has the nmeaning cited
i n clai m 4particularly preferred compounds of formula | or Ii are those, whereip-3- Exanpl es of
i ndi vi dual co1rrpognds of formula | are the following [err]

nistor2,

R, and R; are each independently of the other H or CHj,

R; and R4 are each independently of the other H, CH; or Cl,

Rs and Rg are hydrogen,

Ry, if nis 1, is hydrogen, C,-Cyzalkyl; C,-C,alkyl, glycidyl or benzyl which is substituted by
OH, C4-C,galkoxy, -COORg, ~CON(Rg)(R,o) and/or -OCORy, and, if nis 2, is C_s-C12aIkerne, .
2-butenylene, 1,4-xylylene, or C;-Caalkylene which is interrupted by O and/or substituted by
OH,

Rs is C4-Cy2alkyl, Cy,-Csalkenyl; Ce-Cooalkyl which is interrupted by O and/or substituted by
OH, or C,-C,alkyl which is substituted by -P(O)(OR4)2,

Ro and Ry, are C;-Cgalkyl,

Ry, is Cy-Cgalkyl or C,-Caalkenyl, and

Ry4 is Cy-Cialkyl, and

Ris and Ry are each independently of the other H, C,-C,alkyl or C,-C,alkoxy.

Particularly preferred compounds of formula | or Il are those, wherein

nis 1 or2,and Ry, if nis 1, is a group -CH,CH(OH)CH,0-R>;, wherein Ry, is Cs-Cyaalkyl,
phenyl; phenyi or C;-Csalkenoyl which is substituted by C,-C.alkyl, C,-Cyzalkoxy or halogen,
and, if nis 2, R; is a group -CH,CH(OH)CH,0-R5-OCH,CH(OH)CH,-, wherein R,s has the
meaning cited in claim 4.



err -CAH err -Cerr]Herr -(e 4
g[err}wwssm -cyE:I oh!axyl C[-CH][eEr] ]phenyl a ﬁé@&%ﬂ%ﬁﬁ

- CH2CH20COCH3 - CH2CH20COCH=CH err -CH2CH(OH) C[err]H err]
-CH2CH(OH) ([ err]H err] - CH2CH ( 20 err] H err]

- CH2CH( OH) CH2Opheny!| - CH2CH( OH) CH20COC( CH3) =CH2 - CH2COOH

- CH2CH2COOCAH] err ] -CH2COOC err] H err] -CH err] COQ( CH2CH20) 7H
- CH2 OCH2 CH( CH3) OCH( CH3) CH3
B By R o O
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H,C CH,

R;= -H
-CoHs
-C4Hy
-Cahi7
-CiaHas
'C18H37
-cyclohexyl
-CH_ phenyl
-CH,CH,OH
-CHCH,OCOCH;
-CH,CH,OCOCH=CH,
-CHCH{OH)CgH,~
-CH,CH(OH)C2Has
-CH,CH(OH)CH;OCgH;7
-CH,CH(OH)CH.Ophenyl
-CH,CH({OH)CH,0OCOC(CH;)=CH
-CH,COOH
-CH,CH,COOC4Hg
-CH,COOCgH;,
-CH;COO(CH,CH,0)H
-CH,COOCH,CH(OH)CH,OC,H,
-CH,COOCH,CH(CH,3)OCH,CH(CH;)OCH(CH;)CHa



- CH2COQ( CH2) 7CH=CHC[ err | H err] - CH2 COOCH2 CH2OCH2CH2 OC6H[ er r ]

- CH2CON( )2 [err] - CH2 CONHCH2 CH2 CH2N( CH3) 2

: CHZCCNH%S’?S?%I _CHR2CON(Clerr]H err]) 2. Cther compoinds arer
[err] Rlerr]=-C4H err] Cerr]Herr] - C12H25
-CH2CH(OH) CH20C[ err] H err] -CI-lZCOOéZH[er - CH2CO0CH2OCH3

- CH2COOCH2CH=CH- pheny!l -CH2COOCH err ] CH(O—|)CHZOC[ err]H err]

- CH2phenyl

-CH,COOCH,P{0)(OC:Hs).
-CH,COOCH,CH(OH)CH,P(0)(OC.Hs);
-CH,COO(CH,);CH=CHC;sHyy
-CH,COOCH,CH,OCH;CH,0CsH3

-CH,CON{(C.Hs).
CH,CH, CON O
addl aal

_/

- -CH,CONHCH,CH,CH;N(CHj)
-CH,.CONHCgH;7
-CH,CON(CgH17)s.

Other compounds are:

OR

OH

H,C CH,

Ry = -CiHp
-CaH17
~Ci2Hzs
-CH,CH(OH)CH,OCgH 7
-CH,COOC H;
-CH,COOCH,OCHj,
-CH,COOCH,CH=CH-pheny!
-CH,COOCH,CH(OH)CH,OCqHy;
-CHzphenyl



- 15 -, - CH2CH=CH2 -CH2CON(C4AH[ err]) 2 - CJ—lZCJ—lZCO\I_g%e% gj?ﬁejr r]
[err] WO 9935471 -CoO-0Cerr]Herr] - CH2CcH2Cl - CPOTEDWP2 t he
conmpounds [err] R7 =-H -CH err] -Clerr]Herr]
-CJerr]Herr] -Cerr] HL7 - er r-]1825 - CH2CH( OH) CH2OC8H[ err ]
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Another preferred form of the process is that wherein a dye or coloured pigment is evapora-
ted simultaneously or successively with the UV absorber while being exposed to a plasma,
pigment and UV absorber being allowed to deposit on the substrate.

Suitable pigments or dyes are those which can be evaporated without degradation under the
plasma conditions. They are commercially available and their suitability can be easily tested.

Another preferred process is that which comprises evaporating a mono- or polyolefinically
unsaturated compound simultaneously with the UV absorber while exposing it to the plasma
and allowing it to deposit on the substrate.
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t hat which conprises evaporating a nonol®or polyolefinically unsaturated
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unsat ur atﬂlWI)mbwnw&eE:aeny&e nstrm(ﬁ-aﬂwlaylethuﬁna@ylayumepar ed from mal ei ¢ acid,
pht halic acid and one or several diols and which usually have nol ecul ar

wei ghts in the range from about 500 to 3000. Apart fromthese, it is also
possi bl e Exampies afihigh melebaiar weigbhleligomerit) polyyoseuratesihabmpriuads aret aarylatednat ed

o osRRT AR, By Bt BBy U bORPRec RN T BBt Bl
et her gr otpy etiner g e@xglggmsecmeandarpplley méussaimratedaﬂlgbdneseard emsatuladet poly-\\O
90/01512. esg} r8s1Xsn%Fnch are []'gua(ﬂg‘f:repared1 F fom Thaleic acid, phthalic acid and one or several
diols and which usually have molecular weights in the range from about 500 to 3000. Apart
from these, it is also possible to use vinyl ether monomers and oligomers and maleate-termi-
nated oligomers containing polyester, polyurethane, polyether, polyvinyl ether and epoxy
main chains. Particularly suitable are combinations of vinyl ether group-carrying oligomers
and polymers such as those described in WO 90/01512. Copolymers of monomers functio-
nalised with vinyl ether and maleic acid are also suitable. Such unsaturated oligomers can

also be called prepolymers.

Particularly suitable compounds are, for example, esters of ethylenically unsaturated carbo-
xylic acids and polyols or polyepoxides, and polymers containing ethylenically unsaturated
groups in the chain or in side groups, for example unsaturated polyesters, polyamides and
polyurethanes and copolymers thereof, alkyd resins, polybutadiene and butadiene copoly-
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pol yol s aranchmethagryliaacid aretprgferttidnydr oxydi phenyl, 2, 2-di (4- hydr oxyphenyl) -
propane and al so novol aks and resols. Exanples of pol yepoxides are those
based on the cited polyols, in particular on the aromatic pol yols and

epi chl or oh§ditabie palydisaresaromatic enghdn partisulan, aliphatiy eed sycoalipbatimpojynds. £xam-
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pol ynet hacprppahaard also copalaksnandsresdisrBainples df@olyepoxidds aretivisediasedion the
and”oyol oab TGN PR AR g e saor Rt iioreis A Oy Sl Boighs 5
carbon at oam, palymsrs and eopoiyreas ophiaining hyidréxyl groups Brthe pplymedichdin oft inside 1, 3-
R L R e v
nol ecul ar iaté ghdapolymetrdithersot gBthef sutablegroiyels/are dfigdesteks @Ontathind-hydroxy! termi-
cycl opentanediol, 1,2-, 1,3- or 1, 4-cycl ohexanedi ol
%)9([@ A1 cycl o

1, 4-di hydrB hexane, glyce- rol, tris([err]-hydroxyethyl)am ne,
trimet hyl ol ethane, trinethylol propane, pentaerythritol, dipenta- erythritol

T Buronied BBl St Sl ol dre M RERIR Shiirfag Srlerisfy 2% "
12 carbon atoms, such as ethylene glycol, 1,2- or 1,3-propanediol, 1,2-, 1,3- or 1,4-butane-
diol, pentanediol, hexanediol, octanediol, dodecanediol, diethylene glycol, triethylene glycol,
polyethylene glycols having molecular weights in the range of preferably 200 to 1500, 1,3-
cyclopentanediol, 1,2-, 1,3- or 1,4-cyclohexanediol, 1,4-dihydroxymethylcyclohexane, glyce-
rol, tris(B-hydroxyethyl)amine, trimethylolethane, trimethylolpropane, pentaerythritol, dipenta-
erythritol and sorbitol.

The polyols can be partially or completely esterified with one or different unsaturated carbo-
xylic acids, it being possible for the free hydroxyl groups in partial esters to be modified, e.g.
etherified, or esterified with other carboxylic acids.

Examples of esters are:

trimethylolpropanetriacrylate, trimethylolethanetriacrylate, trimethylolpropanetrimethacrylate,
trimethylolethanetrimethacrylate, tetramethylene giycol dimethacrylate, triethylene glycol di-
methacrylate, tetraethylene glycol diacrylate, pentaerythritol diacrylate, pentaerythritol triacry-
late, pentaerythritol tetraacrylate, dipentaerythritol diacrylate, dipentaerythritol triacrylate, di-
pentaerythritol tetraacrylate, dipentaerythritol pentaacrylate, dipentaerythritol hexaacrylate,
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and pol y&hiiareidogthgmethiacpdate, K- husrawpataoxy)etbyliasedamide-aci d and diol s or

di am nes. The maleic acid can be replaced partially or conpletely by other
di - carboxylic acids. They can be used together with the ethylenically
unsat ur atSsitalkle npsatuateg polyesters and polyamides are derived, for example, from maleic acid

and diols or diamines. The maleic acid can be replaced partially or completely by other di-

carboxylic acids. They can be used together with the ethylenically unsaturated comonomers,

e.g. styrene. The polyesters and polyamides can also be derived from dicarboxylic acids and

ethylenically unsaturated diols or diamines, in particular from Iohg—chain ones containing e.g.

6 to 20 carbon atoms. Examples of polyurethanes are those which are composed of satura-
" ted or unsaturated diisocyanates and unsaturated or saturated diols.

Polybutadiene and polyisoprene and copolymers thereof are known. Suitable comonomers
are, for example, olefins such as ethylene, propene, butene, hexene, (meth)acrylates, acry-
lonitriles, styrenes or vinyi chioride. Polymers containing (meth)acrylate group in the side
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di car boxwd? s8g7ds and ethylenically unsaturated diols orpei/ppionesss i n
particular fromlong-chain ones containing e.g. 6 to 20 carbon atons.
Exanpl es of pol yurethanes are those whi.gh.are conposed of satura- ted or
unsat urated dil socyanates and unsaturated or saturated diols.

Pol ybut adi ene and pol yi soprene and copol yners thereof are known. Suitable
conononer are exa ol e S such as e e, bute
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esterified Wwth h)acrylic acid, or homo- "and copol yners of (neth)-
acryl at es whi ch are esterified with hydroxyal kyl (net h) acryl at es. The
nono- f ably
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preferredcqrﬁpmmdopelwtllhwvlateam@woaodyl ate corrpounds such as those listed
above. The process can al so be carried out such that the UV absorber is
evaporated together with the pignent and an ol efinically unsaturated
conpound. it is Vemnparticdsilbpreferieddo bse polpereatutated mciylade compoundsisueh as thasef or

obt ai ni ngls?+<f}‘%t£8?7§ under vacuum conditions. The electrical energy can be
coupl ed i s fvely or capacitively. The electrical energy nay be direct
current or aIternati ng current and the frequency of the latter can vary
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hel i um athppigmerdandan difinidally onsatiiratedroompoenad.- tive gases such as helium
argon or xenone being preferred. Wen the UV absorber is being evaporated
it mxes with the plasma gas and is |ikew se ionised.

Many possibilities have been described in the literature for obtaining plasmas under vacuum
conditions. The electrical energy can be coupled in inductively or capacitively. The electrical
energy may be direct current or alternating current and the frequency of the latter can vary
from few kHz up to the megahertz range. Feeding in in the microwave range (gigahertz) is
also possible.

Primary plasma gases may be, for example, helium, argon, xenone, N,, O, or air, non-reac-
tive gases such as helium, argon or xenone being preferred. When the UV absorber is being
evaporated it mixes with the plasma gas and is likewise ionised.

The novel process is per se not susceptible to gas being added and the electrical energy
being coupled in. It is crucial that work is carried out at a relatively low pressure.

The pressure is preferably in the range from 10 mbar to 10 mbar, particularly preferably
from 10° to 10" mbar.

The material can be applied, for example, to a plasma electrode and can be evaporated di-
rectly from there. However, the material to be evaporated is preferably on a plate which can.
be heated separately or on a crucible which is located outside of the plasma discharge. Cru-
cible or plate can lie on a positive or negative electrical potential compared to the plasma.
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t hi ckneswobrogmss@4nm to 1000 nm particularly preferably from50 nmto 500
nm and, very particularly preferably, from 100 nmto 300 nm Thi s
invention also relates to the use of a UV absorber of the

hydr OXypl‘l‘h@)eroéesB id partic\fa) Sstabledor dé’p@siﬂh@ﬂﬁrﬁ aéatmgs ofhelaép@bmr émhg baecer S
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This invention also relates to the use of a UV absorber of the hydroxyphenyl-s-triazine clasé
for the preparation of UV absorbant layers in a plasma-enhanced vacuum deposition and to
coated substrates which can be prepared by the process of this invention.

The following Examples illustrate the invention in more detail.

To carry out the plasma-enhanced depositions, a laboratory apparatus of ROWO Coating,
Herbolzheim, was used which functions via the so-called VALICO process (anodic arc,

WO 96/15544). |

About 20 - 25 g of the material to be evaporated are placed in a molybdenum crucible in an
electrical evaporation unit. The system is then evacuated to about 1x10™ mbar. After heating
up the thermal evaporator, a constant system pressure of about 2-3 x 10™* mbar is adjusted
via a control valve. The arc is then ignited and the deposition is carried out. The distance
between evaporation crucible and substrate is 50 cm.

The coating thickness is determined via AFM (atomic force microscopy, edge measure-
ment).

The transmission is measured using a spectral photometer Shimadsu UV-2102/3102 PC.
To estimate the adhesive strength a simple tape test is carried out using Tesa® adhesive
film at a peel off angle of about 60°.
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The systemis then evacuated to about 1 x1 O[err] nbar.
a constant system pressure of
usted via,a cont rgl? | ve. .The arc is then

ranbaness deppgilion

CRIoleStiVReRatiBG apor at i on

cruci ble and substrate is 50pgBvapordtit® ot @afiazitk hdVikda RWeXtinci Qlciced Vi a

AFM (atom c force m croscopy,

edge neasure-

ment). The transm ssion is

measured using a spectral phb.[i@}ﬁﬁ‘! &971hi madsu UV- 2102/ 3102 PC. To estinmate

t he adhesive strength a sinple tape test
filmat a peel

is carried out using Tesa adhesive
of f angle of about 60[err].

- 24 - \Bkabsorker:: Pl asnma- eniamyn® #8Pbsi tion of a W
protective,coating %Y e\‘)aﬁoration of a triazine
havi ng a SUBW @Rt i nction coefficient polycarbonate (Ti nuvin 1577)
WV absor bgstem pressure 3xJ0hmpap 1577 substrate

pol ycarbo%%égyfeggte&g} ressure

capacity

20 pot entdrgeudert {&y ence [V]

180 coatlng
coating tR4

ertabdtereneg IV

15 adhesidfipation [s]

3x10[ err] nbar
15950 arc current [ Al
o0 100 duration [s]
transparent, col ourl ess
10820 transni ssion (380 nm [9
180 coating renoved

coating aspect transparent, colourless
coating thickness [nm] 320
15

transmission (380 nm) [%])
adhesion '

coating removed

- Comparison Example A: Purely thermal deposition of a UV p}otective

coating by evaporation of a triazine having a low
extinction coefficient (Tinuvin 1577)

UV absorber Tinuvin® 1577
substrate polycarbonate
system pressure 3x10™ mbar
capacity evaporator [W] 150

arc current [A] -

potential difference [V] -

duration (s} 90

coating aspect milky

coating thickness [nm] about 2000
transmission (380 nm) [%)] 2

adhesion

coating removed



Conpari son Exanple A Purely thermal deposition of a W

prot ect iwe 99/55471 coati ng byGVERSSH2®60on of a
triazine having a | ow extinction
coefficient (Tinuvin 1577) UV absor begs -
Ti nuvin 1577 substrate pol ycar bonat e
system pressure 3x10 [err] nbar capacity
evapor at . 150 MOL§
di ffer en%&a{nﬁe Zuration [s] Plasma-enhan?eaaéepos ition opé UWroRec n%%pa?’hgt i ng
aspect o by evaporationidf & \trigrit having dhigh etisction tbefficient .
about 2000 transm ssion (380 nm [% 2 adhesi on
coating renoved -25 -
Exanpl e Yv absorber Pl asma- enhanced deppg-§i on of a UV protective
coating by evaporation of a triazine having a high
extincti GHPH@@ficient UV absorber polycarbonate UVA-
substratg bonat e system pressure
ress 3 ar y p

3x104 rrbaYStca a(e:sl tu§e evaporator [W B i 132 arc current [A]
100 poterﬁBP@mW(ﬁVapQﬁlM 1[V] . 132 12 duration [s]
300 coatl g ] 10 transparent, colourless
coating tahl ckness [ nnj 220 transm ssion (380 nm [%
2 adhesi qotential difference [V] 12 coating renoved Exanpl e
3: duration [s] Pl asma- enhanced deposition &S an adhesion resistant W
pr o- tective coating by co-evaporation of a
tri azi ne doatmghaspechi gh transparent, colourless

coating thickness [nm] 420

transmission (380 nm) [%) 2

adhesion coating removed

Example 3: Plasma-enhanced deposition of an adhesion resistant UV pro-

tective coating by co-evaporation of a triazine having a high
extinction coefficient and of a triacrylate

UV absorber UVA-1

acrylate tris(hydroxyethyl)isocyanurate triacrylate
substrate polycarbonate

system pressure 3x10™* mbar

capacity evaporator [W] 132

arc current [A] 100

potential difference [V] 12

duration [s] ' 300

coating aspect fransparent, colourless
coating thickness [nm] 500

transmission (380 nm) (%] 5

adhesion coating not removed -



extinction coefficient and of a triacrylate UV absor ber

UVA- 1 acgyl
tris( hyd%f?@?ﬂ% )i socyanurate triacrylate substrate

pol ycar bonat e system pressure

. -26-
capacity evaporator[W
100 potential difference [V]
300 coating aspect
coating tExampleds [ nnj

5 adhesi on

PCT/EP99/02536

3x104 nbar
132 arc current [A]
12 duration [s]

transparent, colourl ess
Plasma-enhanced deposi$ipn of aasdhesive UM pratectiver) [ %4

-26 - Exanpl e 4: coatmq:;fyaesvr?gg %aﬁ'ﬁ%ﬁgg'ggﬁg'&g%uﬁ |8t§)°r?r aﬁ%ﬁgﬁ'aﬁesi ve
UV protective coating by evaporation of an

acryl at e-f, | lised triazine UV absor _

VAL 2" supef AarerBer Gl

bstrate pol ycar bonate system
pressur e substra

3x104 pdiyoarbompteci ty evaporator [W

95 arc ¢ : 4 otential difference [V]
5 durati (L)gr};sﬁsﬁi plleé‘;ure 3X1°4§'8)a(?0ati ng aspect
t r anspar ecapacitoévapotater{fWjoat i ng t hi ckness [ n8p 400
transm ssj m [%A 0 adhesi on
coating n%’?%%"(e'%@a‘éﬁ Conpari son Exanple B: 58 Ther mal deposition of a
(non-) adheatential difference ¢}t i ve 5 coating by
evaporati acryl ate-functional i sed
et Qotafidn &' 480

coating aspect transparent, colouriess

coating thickness [nm] 400

transmission (380 nm) [%] 20

adhesion

coating not removed

Comparison Example B: Thermal deposition of a (non-)adhesive UV protective

coating by evaporation of an acrylate-functionalised
triazine

light stabiliser CG29-0191
substrate polycarbonate
system pressure 3x10™ mbar
capacity evaporator [W] 95

arc current [A) -

potential difference [V] -

duration [s] 480

coating aspect milky, colourless
coating thickness [nm] 600
transmission (380 nm) [%] 10

adhesion

coating completely removed



|'i ght stabiliser C&x29- 0191 subst rate

pol ycar boWewd/s¥jkt em pressure GLEPOZPE] nbar
capacity evaporator [W 95 arc current (A] potenti al
difference [V] duration [s] -27 - 480 coating
aspect m | ky, col ourless coating thickness

[ nm 600 transm ssion (380 nm [%

10 adhesi thmple 5: Plasma-enhanced depositioncéiain dtihesi081bodupby enoved
-27- Exampl e 5: Pl asma- enhanced deposition of an adhesi ve,
col our ed UV protegtive ceatingivnavaperationgf aliagipgdavingiaoon of a
triazine having a high extinction coefﬂ&Er@tbg‘éﬂér%h'aﬂrhc?ﬂﬁﬁfdnﬁ'aem
together with an acrylate and a pi gnent

absor ber pxgment UVA-1 acryl ate

tris(hydroxyethyl)isocyanurate triacrylate, pignent
I ra92| n[e{ﬂri] DPP Rot BO substrate
t

pol ycar boH¥tabsaner em pr essure UVA-1 3x104 mbar
capacity g at or &ﬂ;‘a L :
50 potentra r?ﬁg ffer ence [ V] tns%d?féeﬁ\gl? I 0 H%le tacrylate,
420 coati plgmspect iragzin®@ DRMBpeHB@Nnt , red coating
t hi ckness AR 300 trar\sm'ﬁsi(%n (380 nm [%
15 adhesi B strate polycargfid® ng not renoved
Conpar i sogysternippdssure: : Ther mal deposi t Bet0afbar (non-) adhesi ve,
col oured WV pratective coating by
evapor at i gapasity gvanoralof M having &5 a hi gh
extincti oarcosupieht (] ent together with an acrylsge and
a pignment s
potential difference [V] 5
duration [s] 420
coating aspect transparent, red
coating thickness [nm] : 300
transmission (380 nm) [%)] 15
adhesion coating not removed
Comparison Example C: Thermal deposition of a (non-)adhesive, coloured
UV protective coating by evaporation of a triazine having
a high extinction coefficient together with an acrylate and
a pigment -
UV absorber UVA-1
' tris(hydroxyethyl)isocyanuratriacrylate,
lragzin DPP Rot BO
substrate polycarbonate
system pressure 3x10™ mbar
capacity evaporator (W] g5
arc current [A] -

potential difference [V] .
duration (s} 420
coating aspect milky, red



UV absor ber UVA- 1

tris(hydrmoayesdayl )i socyanuratriacryl ate, '

| ragzin DPP Rot BO substrate PCT/EP95/02536

pol ycar bonat e system pressure .28 - 3x1 O[err] nbar
capacity evaporator [W 95 arc current [A] potenti al
difference [V] duration (s] 420 coati ng
aspect . . mlky, red

- 28- cocé)ﬂ'%thﬁjfpﬁmgg (nm 400 400 transm ssion (380
nm [% transmission (380 nm) [%] 10 adhesi on 10

coati ng ca(yﬁglslg;tiel y renoved UVA- 1 Ti nuvi n 1577

[err] coating completélP removedhat i s
clainmed is 1. A process for the preparation of a continuous UV absorbant
coatin rganic or inorga- nic substrates via plasma-enhanced vacuum

g 3;1"#9 g

deposi ti i ch process conprises evapor at Tinuvig 1670V absor ber of the
hydr oxyphenyl -s-tri azi ne class under vacuum whil e exposing it to a plasm
and allowing it to deposit on a substrate. 2. A process according to
claim1l, wherein the subsiKate used is a netal, a sem conductor,

? ' OC¢H,;

OH
OH
NN

UVA-2

H,C CH,



glass, quartz or a thernoplastic crosslinked or structurally crosslinked
pl asti c rpdeyssalL 3. A process according to claim2, whdCIVEPIPNZSI6

t hernopl astic crosslinked or structurally crosslinked plastic material is
pol yol ef i n, pol yam de, pol yacryl ate, pel2@carbonate, poly- styrene, an
acryl/mel am ne, al kyd or pol yurethane paint system 4. A process
according to claim1l, wherein the UV absorber of the

Pg?:fxyprwﬂgtlié hﬁﬁé@%i ne class is a conpound of formula I or_II30 ]

1. A process for the preparation of a continuous UV absorbant coating on organic or inorga-
nic substrates via plasma-enhanced vacuum deposition, which process comprises evaporat-
ing a UV absorber of the hydroxyphenyl-s-triazine class under vacuum whfle exposing it to a
plasma and allowing it to deposit on a substrate.

2. A process according to claim 1, wherein the substrate used is a metal, a semiconductor,
glass, quartz or a thermoplastic crosslinked or structurally crosslinked plastic material.

3. A process according to claim 2, wherein the thermoplastic crosslinked or structurally
crosslinked plastic material is polyolefin, polyamide, polyacrylate, polycarbonate, poly-
styrene, an acryl/melamine, alkyd or polyurethane paint system.

4. A process according to claim 1, wherein the UV absorber of the hydroxyphenyl-s-triazine
class is a compound of formula | or Il

OH

(')l

I



[err]
n
ot her H,

i ndepende
or hal oge

or hal oge
Clerr]-(
hal ogen,

err]-q
- CONHRJ er
- NHCOR] er
gl yci dyl ,
several O
I s substi
Cr-Cerr]
unsubsti t
Cerr]al k
I nterrupt
- CH2CH(
or -(CH2)
err]-d
by o,
cycl ohexy

whepg gosspri s 1 or 2,

)]

N of

OH, derr]-Cerr]al kyl or hal onmethyl,
ntly of the other H OH, (Cergb~(err]
n and, in the case of n 1,

n, Rerr], if nis 1, is hydrogen, (
err]al kyl which is substituted by OH]
phenoxy, or by phenoxy which is substit

can al so be a radi cal
Rlerr] and R err] are each independently of the other

Rlerr] and R2 are each indepepcmnbdoyzsss t he

R3 and R4 are each

al kyl, (err]-(err]al koxy
-ORerr],

H derr]-Cerr]al kyl
err]-Cerr]al kyl, or
Cerr]-derr]al koxy,

err]al koxy or hal 0Q—gem—or—by =cocH:
r], -CON(R[err])(Rkerr]), -NH2, -NHR[¢
r], -CN and/or -@2CR or R7 is 4
Cerr]-Cerr]c kyl, each of whi
and substituted @H Cerr]-Cerr
-Clerr]al kyl or -
-S2-R err
OH d or CH3
Iyl ene, xylyl ene;
agd/ or substi t

phenyl al kyl ,
Ut ed or substity§
yl ene, C4- C[err]a
bd by on

~

(¢

C err]al ket
/or substl- tuted by O

=r]) > -N(R[err])(R[err]) or R OCOR

-P(O (R
- 31 -
Jerr]-q

am noal ky

ils 1-3,

uted by (Jerr]-Cerr]alkyl,
=—CBORS, - CONH2

rr], -N(Rlerr])(Rerr]),
-C20a|ky| C3-( err]al kenyl
ch is interrupted by one or
] al koxy; cycl ohexyl which
[OR[ err];

], each of which is

nd, if nis 2, is C2-

C3- C20al kyl ene which is
uted by OH a group

rj-co, -CoONHRerr]-NHCO
Rlerr] is

al kyl which is interrupted
]-Cerr]al kyl, glycidyl,
which is substitu- ted by
r] and(®s oH,

err] 2nd Rl err] are each |nde'[3endent
err]lalkyl, Cerr]-(err]al koxyal kyl
| or C5- C[err]cycl oal kyl, or

wherein

n

istor2,

|y of the other

Crerr]-C err]dial kyl -

R; and Rg are each independently of the other H, OH, C-C,»alkyl or halomethyl,
R, and R, are each independently of the other H, OH, C,-C.alkyl, C,-Cygalkoxy or halogen
and, in the case of n = 1, can also be a radical -OR5,

Rs and Rg are each independently of the other H, Cs-Cyzalkyl or halogen,

Ry, if nis 1, is hydrogen, G,-Cygalkyl, or C-C1aalkyl which is substituted by OH, C,-C,salkoxy,
halogen, phenoxy,or by phenoxy which is substituted by C,-Cygalkyl, C,-Cisalkoxy or halo-
gen; or by -COOH, -COORyg, -CONH,, -CONHRy, -CON(Rg){R10), -NHz, -NHRg, -N{Rg)(R10),
-NHCOR;4, -CN and/or -OCORy;, or R; is C4-Caalkyl, Cs-Cealkenyl, glycidyl, Cs-Cgeycloalkyl,
each of which is interrupted by one or several O and substituted by OH or C4-Czalkoxy;
cyclohexyl which is substituted by OH, C,-Csalkyl or -OCORy,; C;-Cyiphenylalkyl, -CO-Ry; or
-S0;-R3, each of which is unsubstituted or substituted by OH, Cl or CH; and, if n is 2, is Co-
Cisalkylene, C4-Cialkenylene, xylylene; C;-Cpoalkylene which is interrupted by one or
several O and/or substituted by OH; a group -CH,CH(OH)CH,0-R5-OCHzCH(OH)CH-,
-CO-Rs-CO-, -CO-NH-R;7-NH-CO- or -(CH;)-COO-R5-OCO-(CH,)m- , Wherein mis 1-3,
Rs is C-Cygalkyl, C3-Cygalkenyl; C3-Caoalkyl which is interrupted by O, N or S and/or substi-
tuted by OH; C,-C,alkyl, glycidyl, cyclohexyl or C,-C,,phenylalkyl, each of which is subsmu-
ted by -P(O)(OR4)2, -N(Rs)(R1o) or -OCOR,; and/or OH,

[ \\\I\\ ||l\\ 1YL



Rlerr] and Rl.err] together are C3-(C[err]al kyl ene or C3-(C err]oxaal kyl ene or

C3- C[errmﬁﬁgskul ene, Rerr] is (Jerr]-Cerr]al kyl, C2-C ecrierbdteszsd or
phenyl, R12 is (Jerr]-Cerr]alkyl, C-Cerr]al kenyl , phenyl,
Cerr]-Cerr]al koxy, phenoxy, Cerr]-C.egr]al kyl am no, phenyl - am no,
tolylam no or naphthylam no, Rerr] is (Jerr]-Cferr]al kyl, phenyl, naphthyl
or C7r-(err]al kylphenyl Rlerr] is (Jerr]-Cerr]al kyl or phenyl, Rerr] is

Co e gl 5 BBl B B AT 5.
C2 dq e”]a??ﬁﬁ@élkwbEO?-OQ{cI&al@l%rr] t hi aal kyl ene, phenyl ene, n?pht hyl ﬁne I
ene, phenyl éne,

ﬁégﬂf Rg: 3:3"0:1%!?2 C&ﬂ%& ?)hé%?%l‘)ﬁ%n%?ﬁé{gﬂk?a'@é@? ?aq;ké#a?ﬁé[\{(wﬁw-ene Rl err]

is C2- C[q:rg1r1]sa¢1k¢ SlRﬂ eJ- Cgaﬁ{eh% delpRBAyi2l kyl ene which is int errupt ed by O
and Rlerr] and err| are mde’Eendentl y of the other

H
[ er r | - (R i5 Gi-GeipplkylCCefnaalkeniy phen (quﬁzalh[’@rlpl}e"OKHF@leQm?'ky'NR['@r phegyer 1]

or hal og waph ing to claim4, wherein in the conpound of
formul a f‘d?nmo,t?lylaﬁm%@rc % ggr] and Rlerr] are each independently of

t he ot herRuljis @-Cealkyl elner]yl qaeh yeonGtCradtkylphgnyhnd Rl err] are each
| ndependq-_r@t L's\/chérztam?' &g@ﬁylH OH derr]-(err]alkyl, derr]-Cerr]al koxy,
cal -

hal ogen or"a r Rlerr] and Rerr] are each i ndependent|y of the
other H dR,s(s:@f-G]oalEylene,]memyleneR['ergqugp phemyléne-X-phesylénedy wharein X is -O-, -S-,
Cerr]- C[ a#éﬁ 8{@’*3&:{ Céal kyl , allyl, glycidyl or benzyl, each of
which is st t Cerr]-Cerr]al koxy, phenoxy, -COORerr],

- CONHR[ ermie;s GM@IRQI)a(\R[G{-C]O))aneJre or@z<ERthiaalkyleaeohiehylene snaphthyiene,
- err] ﬁd C%Iﬁ” al kenyl ene, xylylene, or C3-C20al kyl ene whi ch
i s interr °(5 &% @€ O and/or substituted by OH Rerr] is

d err] - Ry lid 8l-BYdalkylede Binyienk kedpihthyldre rethyiet@aipkgnyleWt 61CLG salRy! g-upt ed
by Oand/o{ﬂsu%)s%{alhtkategqyﬁg]—l, or eyrr - elerr aalg m(/vhlch i's 1ér’uggé'rﬁ:ituted

by - P(O)('E!‘&'Lgrr])Z Rlerr] and R[err] are each |ndependently of the other

Clerr]- C[Hf 31 B)- bYJaII@fen@)b@b}@&@fﬁyledywrﬁ@h %ﬂﬁtaﬁh{%&b @Qﬂﬁher are
pent anmet hé ene or 3-oxapentaneth &[ene !]l'QI err]al kyl ,

Co- Cl or ] BioBRy T 810 GBI Hep RS oher ] QHr 6+ Siaaiyh, By taapicNFs,

-32 - RNEIR, INRYR], & liéderar € each independently of the other H OH,
derr]- C[err?al kKyl, Clerr]-Cerr]al koxy or hal ogen. 6. A process
according to cIa|m4 wherein in the conpound of fornmula I or 11

5. A process according to claim 4, wherein in the compound of formula | or |l
nis1ior2,

. R; and R; are each independently of the other H, OH or C,-C,alkyl,
R, and R, are each independently of the other H, OH, C,-C,alkyl, C-C,alkoxy, halogen or a
radical -OR;,
Rs and Rg are each independently of the other H or Cy-C,alkyl,
Ry, it nis 1, is hydrogen, C,-Csalkyl; Ci-Cealkyl, allyl, glycidyl or benzyl, each of which is
substituted by OH, C;-Cygalkoxy, phenoxy, -COORg, -CONHRg, -CON(Rg)(R10) and/or
-OCORyy, and if n is 2, is C4-Cyzalkylene, C,-Cealkenylene, xylylene, or C;-Caoalkylene which
is interrupted by one of several O and/or substituted by OH,
Ra is C4-Cyzalkyl, C3-Cygalkenyl; C3-Caoalkyl which is interrupted by O and/or substituted by
OH, or C,-C,alkyl which is substituted by -P{O)(OR4)z,
Re and Ryp are each independently of the other C,-Cgalkyl or cyclohexyl, or Rs and Ry
together are pentamethylene or 3-oxapentamethylene,
Ry, is C,-Cgalkyl, C,-Csalkenyl or phenyl, and

iyt LT



nis 1lor 2, Rerr] and R2 are each independently of the other H or CH3, R3
and R4 gy ¢ i ndependently of the other H CH3 or O, pRrgpédoadisd R6 are
hydr ogen, %{grr], if nis 1, is hydrogen, Cerr]-Cerr]al ;
Cerr]-Cerr]al kyl, glycidyl or benzylgy,each of which is substi- tuted by
OH, A-C(err]al koxy, -COORerr], - Ezferr])(R[err]) and/or -OCOR[err],

and, if nis 2, is (Jerr]- C[err]- aI kylene 2- but enyl ene, 1, 4-xylylene, or

C3C[err aI | ene vvhrchrsrnterrutedb d/or. s ted CH,

Rlerr] i %B,o]ar@[egpm jndeRgndenty ofth P othyeE ﬁﬁi‘? ot 'kyk:g éﬂ%’ 9’%9’%!09% ch is
interrupted by O and/or substituted by O—l or C[err] C[err]al Kyl which is
substituted by -P(O (ORerr])2, Rerr Rl err] CBerr]aI kyl ,

Rlerr] i6 chrerqu aef@ﬁrpépr@talmdrwbzteq'emq errmmnri ofénrmum' his
Clerr]-GiRrrded kyl, and Rlerr] and R20 are each independently of the other
H, C[er(ral% C[err]alk | or (Jerr]-C4al ko X¥'b?rq7 A process according to claim

4, wher 1r?ﬂdr'ﬁztﬁ§eé§‘hﬁt§‘ﬁﬁﬂ1®ﬂﬂyew‘rﬂl°§1qf Hanis 1 or 2, and R7, if nis
1, is a f I Rlerr] is

Cerr]- er r]al kyﬁEﬁLenyWﬁ%%ﬁﬁﬁé& %r@ﬁgr kenoyl, each of which is

substit ﬁ AU F"PQ@err] al kyl, derr]-Cerr]al koxy or hal ogen, and, if

nis 2, g ﬁr"ﬁ gi @yﬁd,g{gngc, @HQW @ﬂbgl%ﬁ}ﬂ&dﬂ br Sérﬂggp'é'ﬁm%ch isWRBEIRI N

Rlerr] has ess according to claim

1, wher emtﬁdthYeO*ﬂr@sGuﬂ'é‘Oﬂs ¢Q%e%)(ﬂmbﬁﬁ@9'[mqﬁnbmd ito is @, B Gufor-
9. A el the WV
Sk B e 5 SO O 11

absorber 1I°'s evaporate to 350[err 10. A
process substitutedriy QH claim1l1, wherein the deposited coating has a t hi ckness
from 10

337 LG RIRN Syt eyl i SITECRPIEG 0 sndec sty

dye or cO@Hoor dctallg'hwhtchss mhstl&m;s-lﬂ(oﬁﬁ)ﬂadﬂcessr vely with the UV absorber
whi |l e exﬁ?ﬁﬁ&‘ﬁwaﬁ'e b?-é}alRyl?S”a and allowing it to deposit on the substrate.

Ry, is C4-Cgalkyl or C,-Cialkenyl, and

Risis C1-C4alkyl, and
Rie and Ry are each independently of the other H, C-C,alkyl or C,-C,alkoxy.

7. A process according to claim 4, wherein in the compound of formula | or Il

nis1or2, and Ry, if nis 1, is a group -CH,CH(OH)CH,0-R,,, wherein Ry is Cy-Cqalkyl,
phenyl; phenyl or C;-Csalkenoyl, each of which is substituted by C,-Cqalkyl, C-Cyzalkoxy or
halogen,

and, if n is 2, Ry is a group -CH,CH(OH)CH,0-Rs-OCH,CH(OH)CH_-, wherein R;s has the
meaning cited in claim 4.

8. A process according to claim 1, wherein the pressure is in the range from 10" mbar to
10? mbar.

9. A process according to claim 1, wherein the temperature at which the UV absorber is
evaporated is in the range from 20°C to 350°C.

10. A process according to claim 1, wherein the deposited coating has a thickness from
10 nm to 1000 nm.

L



12. A process according to claim1, which conprises evaporating a nono- or
pol yol efwoi9e/8847y unsat ur at ed conpound si nul t aneously wi t hp@dTEPIGNG28I6SOr ber
while exposing it to a plasma and allowing it to deposit on the substrate.
13. A process according to claim 12, wgy-ein the nono- or polyolefinically
unsaturated com pound is an acrylate or nethacryl ate conpound. 14. Use
of a WV absorber of the hydroxyphenyl-s-triazine class for the preparation

of a W 0 { C I i n.plasma- enhanced vacuym deposition. A5.

Coated b prapebe seRRldREky il f B ERNRISES wyabotaoz BBl lrest wiodient .
simultaneously or successively with the UV absorber while exposing it to a plasma and )
allowing it to deposit on the substrate.

12. A process according to claim 1, which comprises evaporating a mono- or polyolefinically
unsaturated compound simuitaneously with the UV absorber while exposing it to a plasma
and allowing it to deposit on the substrate.

13. A process according to claim 12, wherein the mono- or polyolefinically unsaturated com-
pound is an acrylate or methacrylate compound.

14. Use of a UV absorber of the hydroxyphenyi-s-triazine class for the preparation of a
UV absorbant coating in plasma-enhanced vacuum deposition.

15. A coated substrate which can be prepared by a process according to claim 1.

A
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